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SRC Components Science Analysis Plan 

Part 1. Final– 11/25/2013 

Other Applicable Documents:  This document supersedes the SRC Sample Canister Air Filter 

Requirements Document – (OREX_DOCS_04.00-00004_Rev_2) 

Purpose:  

The purpose of the SRC Sample Canister Air Filter is to prevent gas phase and particulate 

contaminants from entering the sample canister when it is closed, during atmospheric reentry and 

recovery, and during launch.  In addition, the filter could also capture asteroidal volatiles.  Any 

outgassing that occurs from the collected samples in TAGSAM after it is stowed in the sample 

canister could result in their deposition on the inside of the sample canister or on the avionics 

deck.  Any areas in the enclosed sample canister/TAGSAM/avionics-deck volume that are on 

average cooler could serve as cold traps that concentrate these volatiles.  After reentry and 

recovery of the capsule and extraction of the sample canister at Utah, an N2 gas purge of the 

canister will be started through the canister septum.  The resulting flow of air will exit through 

the canister air filter and this will encourage any volatiles located in the canister into the filter.  

Thus, if the TAGSAM contains volatiles that can outgas from the collected samples and cold trap 

within the canister, it is in the air filter where there is the best chance of detecting them.  

After flight and recovery, the flight air filter will also be disassembled and studied to assess 

contaminants to which the canister was exposed and to search for evidence of captured asteroidal 

materials (both volatiles and particulates).  This plan describes preflight tests that will be made 

by members of the Science Team on several Canister Air Filters to quantify filter performance. 

These tests are important since the filter represents one of the primary contamination control 

systems of the sample canister interior for the launch, reentry, recovery, and transportation 

phases of the mission.  Apart with the canister walls and seal, the filter serves as the only 

protection of the SRC canister interior, TAGSAM, and sample from air and heat shield ablation 

products.  The analysis of the filter will be required for the contamination assessment work 

needed to distinguish between trapped asteroidal materials and unrelated contaminants.  While 

the OSIRIS-REx air filter design is nearly a build-to-print duplicate of the filter used on the 

Stardust spacecraft, and should therefore meet the requirements for contamination control, only 

the testing outlined below will allow for subsequent assessment of this after flight and for the 

filter characterization needed for robust detection of any captured asteroidal volatiles that remain 

in the filter. 

Techniques and Procedures for OSIRIS-REx Sample Canister Filter Tests 

The Sample Canister Filter to be used on OSIRIS-REx is a nearly build-to-print duplicate of the 

filter used on the Stardust spacecraft (the exception is the composition of the O-ring used to seal 

the filter to the SRC).  Consequently, the plans for performance testing the OSIRIS-REx filter 

have been modeled on the procedures used for testing the Stardust filter.  Many of these 

procedures were also used for the testing of the Genesis spacecraft filter. 



Six canister air filters will be made available for the Science Team.  One of these is to be 

provided to the OSIRIS-REx Curator for the materials archive [see the OSIRIS-REx Curation 

Plan  - OSIRIS-REx-PLAN-0041] and will not be discussed any further here.  The remaining 

five filters will be available for performance testing and then will be used for filter opening 

rehearsals by Curation. 

There are three types of investigations to be made by the Science Team to quantify the 

performance of the OSIRIS-REx Sample Canister Air Filter.  The types of tests, responsible 

parties, and the number of test filters to be used for each type of test are:  

(1) Tests of the efficiency of the filter at capturing specific gas phase molecular contaminants 

[Science Team–ARC (Sandford); 1 test filter]. 

(2) Tests of the capture efficiency and carrying capacity of the filter for H2O vapor [Science 

Team–JSC (Righter); 1 test filter]. 

 (3) Tests of the efficiency of the filter for capturing particulates [Science Team–JSC (Righter); 1 

test filter].  

The fourth and fifth filters will be kept in reserve and will be available to repeat a test should the 

results of one of the original three tests indicate a follow-up test is advisable or kept at JSC to 

allow for additional opening rehearsals. 

These tests can be carried out independently and the test plans for each filter capability are 

described separately in separate sections of this document. 

Note that workmanship filter tests, not covered by this document, will be performed by 

Lockheed Martin of the flow rate capacity of the air filter and the sealing capability of the 

canister against the avionics deck for SRC ascent and descent pressure profiles. 

As stated, each of the air filters used for testing will subsequently be made available to the 

OSIRIS-REx Curator so that it can be used to practice, test, and improve air filter disassembly 

procedures that will be used to open up the actual flight air filter after SRC recovery.  

Furthermore, after disassembly the filter materials will be made available for contamination 

knowledge testing to determine the extent that contaminants can be interrogated from the filter.  

It is desirable that some of these analyses be conducted on the same timescale as will be 

performed on the flight unit so they can serve as realistic rehearsals.  It is also suggested that 

these materials be monitored for loss of captured gases and adsorption of contaminants over 

time, as contamination knowledge resources allow. 

Gas Trapping Efficiency Testing: 

The following paragraphs provide a synopsis of the procedures to be used to test the prototype 

OSIRIS-REx filter for its ability to stop specific gas phase molecular species.  These tests will be 

done at NASA ARC and require 1 test filter and one set of controls with no filter.  These 

procedures are identical to those employed by Stardust, allowing for a direct comparison of those 

results. 



(1) The filter will be placed in a custom-made canister designed to hold the filter with a 

minimum of dead space.  (Note that the apparatus used for this test on the Stardust filter is still 

available at NASA ARC.  Since the OSIRIS-REx filter dimensions are identical to those of the 

Stardust filter, the same test apparatus can be used; see Fig. 1).  The canister provides a fit so that 

the O-ring on the filter seals against the canister.  As a result, gas can only flow through the 

filter, not around it.  After the filter is held in place in the canister by small screws, the lid of the 

canister is placed on the canister and held in place with additional screws.  The canister lid is 

also sealed air tight with its own O-ring. 

 

Figure 1 - Placement of the filter into its test canister 

 

 (2) Two 2-liter gas-handling bulbs will be evacuated on the glass line in the vacuum-gas 

handling system in the Astrochemistry Laboratory at NASA ARC [see Allamandola, Sandford 

and Valero (1984) for a description of this apparatus].  The bulbs will be pumped on for a 

minimum of 24 hours at room temperature to attain evacuated pressures of better than 3x10-5 

mbar. 

(3) One of the evacuated glass bulbs (hereafter referred to as the “Filtered” gas bulb) is placed on 

the Filter Test Apparatus as shown in Figure 2 below where it will be used to capture gases that 

manage to pass through the filter. 



 

Figure 2 – Schematic of Gas Filter Test Apparatus 

(4) The second glass bulb (hereafter referred to as the "Raw" Gas bulb) is now filled with 1-atm 

of the desired gas mixture using the gas-handling system.  As with the Stardust test of filter 

trapping efficiencies, a gas of the following composition will be used - 970 mbar N2, 7 mbar 

ethanol, 7 mbar acetone, 7 mbar hexane, 7 mbar benzene, and 2 mbar carbon monoxide (used as 

an internal standard gas).  The gas will be prepared in a manner consistent with 25 years of 

experience with this system.  After allowing the gas components to mix for a minimum of 24 

hours, the gas-filled bulb is placed on the test apparatus as shown in the schematic (Figure 2). 

(5) The test apparatus is then connected to the vacuum-gas handling system via two different 

ports (see schematic in Fig. 2) and the entire apparatus, with the exception of the "Raw" gas bulb 

is evacuated.  Everything, including the filter is then pumped on for a minimum of 24 hours at 

room temperature. 

 (6) Once the entire system is fully evacuated, the apparatus is isolated from the vacuum-gas 

handling system, the flow metering valve is open to the setting that provides the desire flow rate, 

and the "Raw" gas bulb valve is opened to allow gas to flow from it to the "Filtered" gas bulb.  

Flow continues until the pressure in the two bulbs equalizes, at which time all the valves in the 

system are closed.  Using 2-liter bulbs and a "Raw" gas bulb that is charged to 1 atm exposes the 

filter to 1-liter-atm of the original gas mixture.  



 

 

 (7) The "Raw" and "Filtered" gas bulbs are now disconnected from the system.  

 (8) A fresh 2-liter bulb (hereafter referred to as the "Bake-Out" bulb) (previously evacuated as 

described in item 2 above) is placed where the "Filtered" bulb used to reside and the position 

where the "Raw" bulb was is blanked off.  The entire apparatus, with the exception of the filter 

canister, is then evacuated through the vacuum-gas handling system.  Once the system is fully 

evacuated, the gas handling system is used to fill the "Bake-Out bulb with 1 atm of pure, dry N2.  

Additional N2 is flowed into the input side of the filter canister to bring it up to 1 atm. 

 (9) At this point the apparatus is completely isolated from the gas-handling system and the filter 

canister is wrapped in heating tape.  The valves between the canister and the "Bake-Out" bulb are 

then opened and heat is applied to the canister.  The time-temperature profile of the heating event 

can be controlled as desired.  Any gases "baked out" of the filter are then collected in the "Bake-

Out" bulb. 

 (10) At the completion of the heating event, all valves are closed and the "Bake-Out" bulb is 

removed from the apparatus. 

 (11) The "Raw," "Filtered," and "Bake-Out" bulbs are then measured for their molecular 

content.  This is done using standard infrared matrix-isolation techniques (in this case the matrix 

is the original N2 in the gas mixture).  Each individual sample bulb is used to deposit sample gas 

onto a CsI window cooled to 10 K in the vacuum chamber of one of the cryo-vacuum systems in 

the Astrochemistry Laboratory at NASA ARC.  The infrared spectrum of the resulting mixed-

molecular ice is then obtained and the strengths of any absorption bands detected are measured 

[see Allamandola et al. (1984) and Hudgins et al. (1994) for more detailed description of how 

matrix-isolation is done on the ARC system)].  The measured band strengths of individual 

molecular species in the samples can then compared to determine how efficiently the filter 

stopped individual molecular components of the original "raw" gas mixture.  Spectra obtained 

from deposited samples of the “Bake-Out” bulb will provide a measure of the extent to which 

species previously trapped in the filter can be liberated by subsequent warming due to the SRC 

heat soak. 

REFERENCES: 

Allamandola, L.J., Sandford, S.A., and Valero, G. (1984).  Photochemical and thermal evolution 

of interstellar/pre-cometary ice analogs.  Icarus 76, 225-252. 

Hudgins, D.M., Sandford, S.A., and Allamandola, L.J. (1994).  Infrared Spectroscopy of 

Polycyclic Aromatic Hydrocarbon Cations I: Matrix-Isolated Naphthalene and Perdeuterated 

Naphthalene.  J. Phys. Chem. 98, 4243-4253. 

H2O Filtering Efficiency and Carrying Capacity Testing: 



The following paragraphs provide a synopsis of the procedures to be used to test the capabilities 

of the OSIRIS-REx filter for its ability to filter humid air.  These tests will be made at NASA-

JSC and will require 1 test filter and one set of controls with no filter present.  Tests will be 

carried out for air having 100% (saturated) relative humidities. 

(1) The filter will be mounted inside a test chamber as shown in Figure 3. 

 

Figure 3 – Schematic of Particle Filter Test Apparatus 

(2) Air with the required relative humidities will be supplied by a calibrated moisture air supply. 

(3) Prepared air will then be pulled from the supply, through the filter, and passed on to a 

humidity detector where it can be confirmed that the required relative humidity is achieved.  

H2O trapping efficiency can be determined by comparing the relative humidities of the air before 

and after passing through the filter. 

(4) The carrying capacity of the filter will also be monitored by measuring its weight gain during 

the full period of the test. 

(5) The H2O trapping efficiency will be monitored continuously until the filter has ingested a 

total of at least 16 liters of air (the volumetric capacity of the SRC Sample Canister with the 

TAGSAM enclosed). 

Note that determination of the margins on the filter performance make it desirable to "over test" 

the filter by continuing to monitor trapping efficiencies and the humidity of the filtered air for 

more than the volumetric capacity of the Sample Canister.  However, special note must be taken 

of the values when the volume of passed air matches that of the capacity of the Sample Canister. 

Particulates Trapping Efficiency Testing: 



The following paragraphs provide a synopsis of the procedures to be used to test the prototype 

OSIRIS-REx filter for its ability to stop particulates.  These tests will be made at NASA JSC and 

will require 1 test filter and one set of controls with no filter present. 

(1) The filter will be mounted in a test apparatus as shown in Figure 4. 

 

Figure 4 – Schematic of Particle Filter Test Apparatus 

 

 

(2) Smoke particles having a particle size distribution spanning the range from below 0.3 µ to 

above 25 µm will be introduced into the test chamber from a smoke generator (cigarette smoke 

was used for Stardust air filter tests).  The original particle size distribution used for the filter 

tests will be determined by a previous run in which no filter is put in the test apparatus. 

(3) Air will then be pulled from the chamber and passed through a particle counter capable of 

counting particles as a function of their size, with key size ranges being 0.3-0.5, 0.5-1, 1-5, 5-10, 

10-25, and >25 µm diameter.  A valve will be used to alternately count ‘raw’ particle-laden air in 

the test chamber and air that has been pulled through the air filter in order to determine particle-

stopping efficiencies. 

 

(4) The particle trapping efficiency will be monitored continuously until the filter has ingested a 

total of at least 16 liters of air (the volumetric capacity of the SRC Sample Canister with 

TAGSAM enclosed). 



Note that, as with the H2O carrying capacity test, determination of the margins on the filter 

performance make it desirable to "over test" the filter by continuing to monitor particle trapping 

efficiencies for total air flows beyond the volumetric capacity of the Sample Canister.  However, 

special note must be taken of the values when the volume of passed air matches that of the 

capacity of the Sample Canister. 

 

Filter Disassembly Practice: 

In order to ensure that the disassembly of the flight Canister Air Filter is done in an efficient 

manner that is compatible with subsequent scientific analyses of the filter components, the 

OSIRIS-REx Curator will test and practice the procedures used to disassemble the air filter and 

curate its components.  To support this effort, after completion of the filter tests described above 

each filter will be packaged in Teflon bags provided by the OSIRIS-REx Curator and delivered 

to the OSIRIS-REx Curator within 5 days of the completion of the test for use as practice filters 

to test, optimize, and practice the filter disassembly and curation process. 

A schematic of the basic layered arrangement of the canister filter is shown in Figure 5.  

 

 

Figure 5: Cross section through air filter showing the activated carbon and filtrate layers, as well 

as the bond lines between the housing and the filtrate. 

 

 



The filters shall be disassembled as follows: 

a)  Transport the bagged air filter to the JSC B31 machine shop. 

b)  Using IPA wipe the lathe chuck and associated tooling until visibly clean with no evidence of 

oily film. 

c)   Chuck the filter assembly into the lathe jaws and center to obtain a concentricity of 0.002” or 

better. 

d)  Machine the outer diameter of the filter, removing 0.003 to 0.006” of material with each pass 

(see area 2 of Figure 6; avoid area 3, where there is an undercut). 

 

Figure 6:  Schematic cross section through the air filter showing the lathe chuck (1), the area for 

potential undercutting near filter top (3), the area for potential epoxy exposure (4) and the region 

where thinning is desired (2). 

 

e)  Continue machining in area 2 until minimal material wall thickness exists – approximately 

0.005”.  If gray epoxy shows through the base of the filter (area 4, Figure 6) curtail machining 

operations immediately; filter can be removed as described below. 

f)   Remove filter assembly from lathe, double bag, and transport to the SEH cleanroom. 

g)  Using an X-acto knife, or equivalent, cut through the reduced diameter filter housing 

material, separating the filtrate elements from the activated carbon section (Figure 7). 



 

Figure 7: example of Stardust filter dis-assembly after lathing showing the original housing base 

with filtrate (left), the central activated carbon layer (center), and the top filtrete layer (right). 

 

h)  Bag the various filter elements separately and store in the OSIRIS-REx archive cabinet in the 

Space Exposed Hardware Lab for future science team and community allocations. 

After filter disassembly, the Curator will store the removed materials in the same manner 

anticipate to be used for the actual flight air filter.  The removed filter materials and their 

captured contents will then be made available to the Science Team for any desired subsequent 

analyses.  This provides the ability to perform longitudinal studies on the impact of curation on 

the filters, if desired. 

SRC Components Science Analysis Plan: Part 2 

Once the flight SRC returns to Earth, a number of its components will be analyzed as part of the 

Preliminary Examination effort.  These analyses are described in more detail in the “SRC 

Components Science Analysis Plan: Part 2” document.  Included in these efforts will be analyses 

of the components of the Canister Air Filter and any materials that it may have captured, both 

contaminants and potential asteroidal materials.  
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Report on Science Team tests of the 
Performance of the OSIRIS-REx Sample 
Canister Filter 
 

Prepared by Scott Sandford (Scott.A.Sandford@nasa.gov), Kevin Righter 
(kevin.righter-1@nasa.gov), and the SRC-STI Working Group  
Final submitted 12 December 2016 
 

 

Purpose of the Tests and Background:   
 
The purpose of the SRC Sample Canister Air Filter is to prevent gas phase and particulate 
contaminants from entering the sample canister when it is closed, during atmospheric reentry 
and recovery, and during launch.  In addition, the filter could also capture asteroidal volatiles 
and dust particles.  Any outgassing that occurs from the collected samples in TAGSAM after it is 
stowed in the sample canister could result in their deposition on the inside of the sample 
canister or on the avionics deck.  Any areas in the enclosed sample canister/TAGSAM/avionics-
deck volume that are, on average, cooler could serve as cold traps that concentrate these 
volatiles.  After reentry and recovery of the capsule and extraction of the sample canister at 
UTTR, an N2 gas purge of the canister will be started through the canister septum.  The resulting 
flow of air will exit through the canister air filter and this will encourage any volatiles located in 
the canister into the filter.  Thus, if the TAGSAM contains volatiles that can outgas from the 
collected samples and cold trap within the canister, it is in the air filter where there is the best 
chance of detecting them.  This is why the science team is interested in the behavior and 
characteristics of the filter. 
 
The filter is comprised of 2 layers of 3M filtrete sandwiching a middle layer of an activated 
charcoal / molecular sieve mixture.   The housing is aluminum and the total weight of the filter 
is ~ 65 g.  It has been delta P tested and on pumpdown from 760 mm Hg it has a delta P of 0.15 
psi.   
 
Figures 1 and 2 show diagrams and images of the sample canister, the sample collection 
TAGSAM head, and the position of the air filter on the canister lid.  Figure 3 shows a schematic 
of the basic layered structure of the filter. 
 
After flight and recovery, the flight air filter will be disassembled and studied to assess 
contaminants to which the canister was exposed and to search for evidence of captured 
asteroidal materials (both volatiles and particulates).  This report describes tests made to 
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determine what the performance of the filter is expected to be with regards to its ability to 
prevent gas phase contaminants from entering the sample canister during and after reentry.    
 

 
Figure 1 - Left: Schematic diagram of empty sample canister showing location of the air filter on 

the top of the lid.  Right: SRC sample canister preliminary design unit with a sample collection 

TAGSAM head position inside (sitting on the blue ring). 

 

 
Figure 2 - Left: Schematic diagram showing the position on orientation of the air filter in the 

canister lid.  Right: Cross section through the filter showing the layers. 

 

 
 

Figure 3: Cross section through air filter showing the activated carbon and filtrate layers, 

as well as the bond lines between the housing and the filtrate. 
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These tests are important since the filter represents one of the primary contamination control 
systems of the sample canister interior for the launch, reentry, recovery, and transportation 
phases of the mission.  Apart from the canister walls and seal, the filter serves as the only 
protection of the SRC canister interior, TAGSAM, and sample from air and heat shield ablation 
products.  The analysis of the filter is also required for the contamination assessment work 
needed to distinguish between trapped asteroidal materials and unrelated contaminants.  While 
the OSIRIS-REx air filter design is nearly a build-to-print duplicate of the filter used on the 
Stardust spacecraft, and should therefore meet the requirements for contamination control, 
only the testing outlined below will allow for subsequent assessment of this after flight and for 
the filter characterization needed for robust detection of any captured asteroidal volatiles that 
remain in the filter. 
 
The Three Types of OSIRIS-REx Sample Canister Filter Tests 
 

The Sample Canister Filter used on OSIRIS-REx is a nearly build-to-print duplicate of the filter 
used on the Stardust spacecraft.  Consequently, the plans for performance testing the OSIRIS-
REx filter have been modeled on the procedures used for testing the Stardust filter. 
 

There are three types of investigations being made by the Science Team to quantify the 
performance of the OSIRIS-REx Sample Canister Air Filter.  The types of tests, responsible 
parties, and the number of test filters to be used for each type of test are: 

 

(1) Tests of the efficiency of the filter at capturing specific gas phase molecular 
contaminants [Science Team–ARC (Sandford); 1 test filter]. 

 

 (2) Tests of the capture efficiency and carrying capacity of the filter for H2O vapor [Science 
Team–JSC (Righter); 1 test filter]. 

 

 (3) Tests of the efficiency of the filter for capturing particulates [Science Team–JSC 
(Righter); 1 test filter].   

 
This report describes the results of these tests. 
 
 

Gas Trapping Efficiency and Retention Testing 
 
Gas Trapping Efficiency Testing Procedures: 
 
The following paragraphs provide a synopsis of the procedures used to test the prototype 
OSIRIS-REx filter for its ability to stop specific gas phase molecular species.  These tests were 
done in the Astrochemistry Laboratory at NASA ARC.  These procedures are similar to those 
employed by Stardust, allowing for a fairly direct comparison of the results. 
 
(1) The dimensions of the OSIRIS-REx filter are identical to those of the Stardust flight filter and 

a diagram showing the basic layering arrangement of the filter is provided in Figure 4.  The 
filter was placed in a custom-made test canister designed to hold the filter with a minimum  
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of dead space (Figure 4).  The test canister provides a tight fit so that the O-ring on the filter 
seals against the canister.  After the filter is held in place in the base of the chamber by small 
screws, the lid of the canister is placed on the canister and held in place with additional screws.  
The canister lid is also sealed air tight with its own O-ring.  In this configuration, gas entering the 
canister from either end can only flow through the filter, not around it.  Images showing the 
filter being inserted into the canister are shown in Figure 5. 
 

 

Figure 4 – Schematic of the filter in the Filter Test Canister 

   
 

Figure 5 - Filter mounted in test canister 
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 (2) Four 2-liter gas-handling bulbs were evacuated on the glass line in the vacuum-gas handling 
system in the Astrochemistry Laboratory at NASA ARC [see Allamandola, Sandford and 
Valero (1984) for a description of this apparatus].  The bulbs were pumped on for a 
minimum of 24 hours at room temperature to attain evacuated pressures of better than 
3x10-5 mbar. 

 
 (3) The first evacuated glass bulb (hereafter referred to as the "Raw" Gas bulb) was filled with 

slightly more than 1-atm of the desired gas mixture using the gas-handling system.  A gas 
with the following composition was used - 1230 mbar N2, 7 mbar ethanol, 7 mbar acetone, 
7 mbar hexane, 7 mbar benzene, and 2 mbar carbon monoxide (used as an internal 
standard gas). After allowing the gas components to mix for a minimum of 24 hours, the 
gas-filled bulb was placed on the test apparatus as shown in the schematic in Figure 6. 

 
(4) The second evacuated glass bulb (hereafter referred to as the “Filtered” gas bulb) was 

placed on the Filter Test Apparatus as shown in the schematic in Figure 6 where it was used 
to capture gases that manage to pass through the filter during the flow test. 

 

 

Figure 6 - Schematic of Filter Test Apparatus 
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(5) The remaining two evacuated bulbs (hereafter referred to as the “First Bake-Out” bulb and 
the “Second Bake-Out” bulb were set aside for use in capturing gases baked out of the filter 
after the flow test was over. 

 
(6) The test apparatus was then connected to the vacuum-gas handling system via two different 

ports (see schematic in Fig. 6) and the entire apparatus, with the exception of the "Raw" 
and ‘Filtered’ gas bulbs was evacuated.  Everything, including the filter is then pumped on 
for an extended period of time while the pressure in the system was monitored.  An image 
of the entire apparatus is shown in Figure 7. 

 
Note that it was clear that the filter contained a considerable amount of absorbed 
atmospheric gases.  Pumping on an empty chamber would normally have allowed us to 
reach the glassline's background pressure in 2-4 hours.  With the filter in place in the 
canister, the glassline pressure fell semi-exponentially but took almost four days to approach 
background pressures (Figure 8).  Ultimately, the filter was pumped on for almost a month 
at room temperature prior to the actual test. 

 
(7) Once the entire system was evacuated and the pressure was stable, the apparatus was 

isolated from the vacuum-gas handling system, the flow metering valve was opened to the 
setting that provided the desire flow rate, and the "Raw" and “filtered” gas bulb valves were 
opened to allow gas to flow from the “Raw” gas bulb to the "Filtered" gas bulb through the 
filter.  Flow continues until the pressure in the two bulbs equalizes, at which time all the 

 
 

Figure 7 - Assembled test apparatus on glass line. 
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valves in the system are closed.  During flow the flow rate was monitored to provide for full 
pressure equilibration to occur after ~10 minutes.  This exposed the filter to ~1260 mb-liters 
of the original gas mixture. 

 

(8) The "Raw" and "Filtered" gas bulbs were then disconnected from the system and set aside 
for later analysis.   

 

(9) A fresh 2-liter bulb (the "First Bake-Out" bulb) (previously evacuated as described in item 2 
above) was next placed where the "Filtered" bulb resided earlier and the position where the 
"Raw" bulb had been located was blanked off.  The entire apparatus was then evacuated 
through the vacuum-gas handling system.  Once the system was fully evacuated, the 
canister was once again isolated from the glass line. 

 

(10) The filter canister was next wrapped in heating tape and the end of the "First Bake-Out" 
bulb was cooled with liquid nitrogen.  The valves between the canister and the "Bake-Out" 
bulb are then opened and heat was applied to the canister.  The time-temperature profile 
of the heating event was controlled to approximately simulate the heat soak expected for 
the SRC assuming the interior heated up to ~50oC.  Any gases "baked out" of the filter were 
then captured in the "Bake-Out" bulb.   

 

 
Figure 8 - The dynamic pressure of the glassline decreased at a rate that diminished with 

time.  It took nearly four days of continuous pumping to bring the filter down to near 

normal background pressures.  However, the  filter was still emitting gas after four days, 

as evidenced by a slow increase in system pressure if the pump was isolated from the 

glassline. 
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(11) At the completion of the heating event, all valves are closed and the "First Bake-Out" bulb 
was removed from the apparatus for later analysis. 

 
(12) Steps 9-11 were then repeated for the “Second Bake-Out” bulb, the only difference being 

that this time the filter was baked on a temperature profile that targeted 70oC rather than 
50oC. 

 

(13) The gases in the "Raw," "Filtered," and both "Bake-Out" bulbs were then all measured for 
their molecular content.  This was done using standard infrared matrix-isolation techniques 
(in this case the matrix is the original N2 in the gas mixture).  Each individual sample bulb 
was used to deposit sample gas onto a CsI window cooled to 10 K in the vacuum chamber of 
a cryo-vacuum system equipped with a Fourier Transform Infrared Spectrometer in the 
Astrochemistry Laboratory at NASA ARC.  The infrared spectrum of the resulting mixed-
molecular ice was then obtained and the positions and strengths of any absorption bands 
detected were measured [see Allamandola et al. (1984) and Hudgins et al. (1994) for more 
detailed description of how matrix-isolation is done on the ARC system)].  The measured 
band strengths of individual molecular species in the samples were then used to compare 
the filtered and unfiltered gases to determine how efficiently the filter stopped individual 
molecular components of the original "raw" gas mixture.  Spectra obtained from deposited 
samples of the “Bake-Out” bulbs provide a measure of the extent to which species 
previously trapped in the filter or originally present in the filter were liberated by 
subsequent warming due to the SRC heat soak. 

 
REFERENCES: 
Allamandola, L.J., Sandford, S.A., and Valero, G. (1984).  Photochemical and thermal evolution 

of interstellar/pre-cometary ice analogs.  Icarus 76, 225-252. 
Hudgins, D.M., Sandford, S.A., and Allamandola, L.J. (1994).  Infrared Spectroscopy of Polycyclic 

Aromatic Hydrocarbon Cations I: Matrix-Isolated Naphthalene and Perdeuterated 
Naphthalene.  J. Phys. Chem. 98, 4243-4253. 

 
 
Gas Trapping Test Results: 
 
Figure 9 show the infrared absorbance spectra of ice layers made from 'raw' unfiltered gas used 
for the test and the filtered gas that resulted from flowing the original gas through the filter.  
Both spectra have been scaled to absorbance per µm of ice.  The original thicknesses of the ices 
were determined from the interference fringes in the spectra's baselines. 
 
Table 1 provides the normalize absorbances of various bands in the spectra of the filtered and 
unfiltered gases and the implied trapping efficiency of the compound or compounds responsible 
for the bands.  In some cases a band can be assigned to an individual compound, thereby 
yielding its specific trapping efficiency, but in many cases band overlaps only provide an 
'effective' trapping efficiency that averages over all the compounds producing absorption in the 
indicated spectral region.   
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In most respects the results of this filtering test are very similar to those seen for the Stardust 
test filters.  In virtually all cases where absorption bands could be detect in both the unfiltered 
and filtered samples, the filter stopped ~99+% of the ethanol, hexane, acetone, and benzene 
(see the last column in the previous table above).  CO is filtered with lower efficiency, but is 
included in the test as a tracer and is not considered to be an issue as a sample contaminant.  
Nonetheless, it is interesting to note that the OSIRIS-REx filter stopped the CO with better 
efficiency than the Stardust filters (allowing through only about 16% of the CO vs. >70% for the 
Stardust filters).  In summary, the filter does a very good job of stopping volatile organics and its 
overall performance is as good as, or slightly better than, the original Stardust filters for 
trapping these gases. 
 
 
 
 

 
Figure 9 - Comparison of the infrared spectra of the unfiltered and filtered gases.  It is 

immediately obvious that the filter trapped the vast majority of the introduced contaminant 

gases, ethanol, benzene, acetone, and hexane.  
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Table 1 - Gas Trapping Efficiencies 
Compound Integration 

range (cm-1) 

No filter 

(Abs/µm) 

Filter 

(Abs/µm) 

Absorption 

Efficiency 

(Filter / No Filter) 

ethanol 3534-3345 0.272 0.0017 0.0063 

benzene (4 bands) 3110-2998 0.087 <0.005 <0.0575 

hex,eth,acet 2999-2845 1.038 <0.015 <0.0145 

CO 2157-2129 0.051 0.0081 0.159 

benzene 1988-1960 0.007 <0.0007 <0.100 

benzene 1843-1813 0.012 <0.0001 <0.0083 

acetone 1731-1698 0.275 0.0026 0.0095 

benzene 1488-1477 0.053 0.0009 0.0170 

mostly ethanol 1477-1407 0.164 0.0009 0.0055 

acet,hex,eth 1397-1348 0.232 0.0017 0.0073 

acet,hex,eth 1266-1216 0.156 0.0009 0.0058 

acet,eth,benz 1106-1024 0.198 0.0026 0.0131 

acetone,ethanol 898-873 0.025 <0.0006 <0.0240 

hexane 739-722 0.004 <0.0002 <0.050 

benzene 701-676 0.177 <0.0051 <0.0288 

Note - both spectra show bands near 2350 and 663 cm-1 due to CO2 and in the 3730-3570 cm-1 1640-
1590 cm-1 regions due to H2O.  These gases were not part of the original gas mixture and are likely 
contaminants associated with (i) gases already trapped in the filter due to prior exposure to 
atmosphere, and (ii) the cryovacuum system used to condense the gases for IR measurement. 

 
 
Filter Bakeout Test Results: 
 
After the filter was used in the gas trapping test, it was subjected to two sequential bakeout 
tests to examine how well trapped gases were retained in the filter when it is warmed.  
Warming was done to simulate what is expected for the actual flight filter following SRC Earth 
reentry.  Both bakeouts (warm up and cool down) were timed to roughly simulate the 
timescales of the heat soak of the returned SRC and targeted peak temperatures in the vicinity 
of 50oC and 70oC, respectively, to span the range of temperatures between the goal and the 
requirement for the thermal performance of the SRC. 
 
After the filter was used for the gas trapping test described above, it was briefly pumped down 
to <10-3 mbar of total pressure and isolated from further pumping while the entire filter test 
canister was wrapped in heat tape and connected to a pre-evacuated 2-liter glass bulb ('First 
Bakeout Bulb') whose lower reservoir was cooled with liquid N2.  The filter canister was then 
opened to the First Bakeout Bulb and the heat tape was used to elevate the temperature of the 
canister using the lower temperature profile shown in Figure 10.  Any gases liberated from the 
filter were gathered in the cooled First Bakeout Bulb.  Gases that condense at temperatures 
above that of LN2 (water, benzene, acetone, hexane, and ethanol) were trapped in the bulb 
with near unit efficiency.  Liberated non-LN2-condensible gases (N2 and CO) were trapped with 
only slightly lower efficiency since the 2 -liter bulb constituted over 95% of the system's total 
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available volume. 
 
At the completion of the first bakeout, the valve to the First Bakeout Bulb was closed, the bulb 
was removed from the system, and it was replaced with the pre-evacuated Second Bakeout 
Bulb.  After briefly pumping on the filter and the filter canister to return them to the glassline's 
background pressure, the filter canister was once again isolated from the glassline and the 
previous bakeout process was repeated using the higher temperature profile shown in Figure 
10.  Gases liberated from the filter in the second bakeout were then captured in the Second 
Bakeout Bulb.  At the completion of the second bakeout, the valve to the Second Bakeout Bulb 
was closed and it was removed from the system.  
 
Figures 11 and 12 show the infrared absorbance spectra of ice layers made from gas collected 
during the two bakeouts.  Figure 11 shows the spectra across the entire middle infrared (5000-
500 cm-1), while the spectra in Figure 12 expands the 2000-500 cm-1 region to show weaker 
features in that spectral region.  

 
Figure 10 - Temperature profiles of a thermal sensor placed on the exterior of the main axis 

of the filter test canister.  Due to thermal lag and inertial, the actual temperature of the 

filter inside the canister probably reached slightly lower temperatures on slightly longer 

timescales than shown in these curves. 
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The dominant absorption features in Figure 11 are due to H2O and CO2, molecules that were not 
components of the original test gas.  The strong 'dangling -OH' feature between 3700-3600 cm-1 
in the top spectrum suggests that some N2 was also liberated during the low temperature 
bakeout, although this gas is largely absent in the higher temperature bakeout.  These features 
indicate that the bakeouts liberated H2O and CO2 that were presumably original to the filter, i.e., 
were present in the filter prior to any tests were done.  Presumably these are gases were 
originally trapped in the filter during prior exposure to atmospheric gases.   The facts that the 
H2O and CO2 had not been previous removed by nearly a month of pumping at room 
temperature and that additional gas was liberated during the second, higher temperature 
bakeout suggests that these gases were trapped in sites that were associated with a range of 
binding energies.  If this is the case, one might expect additional gases to be liberated if even 
higher temperature bakeouts were applied to the filter. 
 
Figure 12 demonstrates that the bakeout also liberated small amounts of the gases that were 
trapped from the test gas.  Again, the fact that additional gas was liberated during the second, 
higher temperature bakeout suggests these gases were trapped in sites that were associated 
with a range of binding energies and that higher temperature bakeouts would liberate 
additional gases. 

 

Figure 11 - The middle infrared spectra of the condensed gases liberated from the filter by the 

two bakeout tests.  Both spectra are dominated by the absorption features of H2O and CO2. 
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These observations have some implications for the performance of the flight filter, although 
none of them are likely to be critical.  They are: 
 
(1) While the OSIRIS-REx filter will be in vacuum for the duration of its flight, it is likely that it 
will not de-gas all of the atmospheric gases it trapped prior to launch.  Every time the filter is 
heated to a new, higher temperature, for example during the heat soak following Earth reentry, 
some of these gases will likely be released.  However, it appears that the released gases will 
essentially be atmospheric gases (perhaps mixed with N2 purge gases used prior to launch) and 
therefore do not constitute a serious contamination risk.  However, the presence of these gases 
may decrease the 'carrying capacity' of the filter to some degree, particularly for H2O (see later 
section on humidity testing). 
 
[Note that these gases could be minimized by passive heating of the filter in the SRC prior to 
sample collection.  This might improve the filter's carrying capacity but will likely be insignificant 
in terms of limiting exposure to contaminant gases.] 
 
(2) Small fractions of the trapped organic test gases are released when the filter is warmed.  
Thus, if gas phase organic contaminants are captured by the filter during reentry and descent, 
some small portion of them may be released back into the gas phase during the subsequent 
heat soak of the SRC.  In this respect, finding and cooling the SRC quickly to minimize the peak 
temperature experienced they the filter will minimize exposure to previously trapped materials. 
 
Finally, it should be noted that, for several reasons, the amount of material released by heating 

 

Figure 12 - An expansion of the 2000-500 cm-1 region of the spectra in Figure 11 shows that 

heating the filter releases small amounts of the organic gases trapped in the filter. 
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and captured in our tests bulbs represents an upper limit to the exposure expected for the 
returned samples in the sample canister.  Our test concentrated all released gases into a single 
collection bulb for later analysis.  However, for the real flight filter, only a fraction of the gas 
leaving adsorption surfaces in the filter will enter the sample canister.  First, released gases will 
be able to exit the filter in either direction, i.e., at least half the gases leaving the filter would 
exit the filter outside the canister.  Indeed, more gas will likely exit the canister than enter it 
since the heat soak will heat the air in the sample canister and it will push air out of the canister 
through the filter as the air in the canister expands.  In addition, the flight filter will be in air as it 
heats, so molecules liberated from surfaces in the filter will have much shorter mean free paths 
between collisions and will have multiple opportunities to re-adsorb onto the filter.  Finally, 
once the SRC is recovered and the canister is connected to a purge line, the net flow of gas will 
always be out of the canister. 
 
Summary of Results from the Gas Trapping Tests:   
 
Successful tests have been made of the OSIRIS-REx Sample Canister filter's ability to (i) capture 
gas phase organic molecules and (ii) retain them during subsequent warming.  The filter's 
efficiency for trapping test gases of benzene, acetone, ethanol, and hexane were found to be 
very similar to, in some ways slightly better than, that seen for the filters tested for the Stardust 
mission.   
 
As expected, some of the trapped gases are released from the filter upon warming, with 
additional gases being released each time the temperature goes higher.  This reinforces the 
desire to minimize the heat soak seen by the sample canister after reentry and recover.   
 
Heating the filter was demonstrated to cause the release of several gases not used in the test, 
namely H2O and CO2.  These gases are presumably atmospheric gases that were adsorbed by 
the filter prior to the tests and that occupied trapping sites with sufficient binding energies to 
prevent their release even after extended exposure to vacuum at room temperature.  Thus, 
during the SRC heat soak following the Earth reentry, the filter may release some terrestrial 
atmospheric gases and pre-launch N2 purge gas that remained in the filter for the entire flight 
mission.  However, since these gases are the same gases the samples will be exposed to in the 
curatorial clean room environment, these are not viewed as constituting a significant 
contamination issue.  However, the presence of these materials in the filter may decrease the 
filter's overall carrying capacity, particularly for H2O.   
 
(Note: special thanks to Drs. Michel Nuevo and Christopher Materese for assistance carrying 
out the gas trapping tests at NASA ARC.) 
 

Particulate and Humidity Testing 
 
Introduction: 
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One of the SRC filters provided by Lockheed Martin (OR-MA-0017) was testing for particulate 
trapping efficiency using a P-Trak particle counter with a probe that provided a 0.6 L/min flow 
rate and measuring particles in the size range of 0.02 to 1 µm, September 29, 2016.  Tests were 
made with three different environments: a) interior of Building 229 where particle counts were 
~3000 cts/cm3, b) exterior of building 229 where particle counts were ~25500 cts/cm3, and c) 
with a candle smoke source with particle counts of 100,000 to 300,000 cts/cm3, all unfiltered.  
Filtered readings for a, b, and c were 4 to 23 cts/cm3 (over a 25 minute period of time), 20 to 46 
cts/cm3 over a 5 minute period of time, and 4 to 12 cts/cm3 over a 10 minute period of time.   A 
second SRC filter (OR-MA-0018) was testing for humidity trapping efficiency using a set-up in 
Building 7, October 31-November 3, 2016.   Tests using 90% and 40% relative humidity source 
air were conducted, with dry air purge between tests to assess water gain/loss. 
 
Preparation and filter test housing 
 
An aluminum filter holder was fabricated by Roland Montes.  The filter holder has an o-ring that 
seals the inner diameter of the filter and a rubber gasket that seals the top of the filter while it 
is being held in the housing with four set screws.  On each side of the housing are ½” o.d. brass 
barbs that allow for tubing connections.  Once fabricated and test fit, this holder was final 
cleaned by the curation cleaning group.   
 
 

Particulate Testing 
 
Initial meetings with Sherman Teuscher in B229 to look at the P-Trak unit identified the need to 
step down from ½” to ¼” tubing with an inline adaptor so that the P-Trak probe can be inserted 
into the filter housing line.  Once the tubing and holder were connected, the filter (OR-MA-
0017) was installed in the housing and the whole assembly was placed in a vacuum of 5 Torr 
overnight in the meteorite thin section lab (B31, R1024) to pump out any humidity or adsorbed 
volatiles (Figure 13). 
 
Testing was done using the P-Trak particle counter (Figure 14) starting at 10 am on Thursday 
9/29/16, in B229, with Sherm Teuscher.   The P-Trak particle counter flow rate was calibrated 
against Dry-Cal DC Lite primary flow meter and ranged from 0.5935-0.5947 L/min over 5 
readings within a 30 second period.  This value was deemed acceptably close to the desired 1 
L/min that might be typical of the filters performance in real time entering Earth’s atmosphere. 
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Figure 13 - Left: SRC filter used for particulate testing (OR-MA-0017).  Right: filter housing and 

tubing used to hold filter in stream of air; open tubing end is for the P-Trak probe, and the open 

brass barb end is for entry of gas through the filter. 

 

 

Figure 14 - P-Trak ultrafine particle counter (TSI Inc.) Model 8525, counts 0.02 to 1 m 

particles with flow rate of ~0.7 L/min.  

Particulate Test #1: 
 

The first test was done on the benchtop in the NW corner of the building, where particle counts 
of the room air were ~3100 cts/cm3.  After connecting the P-Trak probe to the filter tubing and 
housing, the counts dropped sharply and continued in the range of 4 to 23 cts/cm3 over a 25 
minute period as follows: 
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10:18 am 7 to 21 cts/cm3 
10:20 am 6 to 20 cts/cm3 
10:22 am 7 to 21 cts/cm3 
10:26 am 9 to 23 cts/cm3 
10:28 am 4 to 16 cts/cm3 
10:30 am 9 to 17 cts/cm3 
10:36 am 9 to 20 cts/cm3 
10:40 am 7 to 19 cts/cm3 

 
The counts were stable over the entire 25 minute period and also very low.  The average over 
this entire 25 minutes period was 11 cts/cm3.  When coupled with the room particle counts, the 
trapping efficiency was 99.63 %.   
 
Particulate Test #2: 
 
The second test was done in the NW corner of the parking lot of B229, where particle counts 
were 25500 cts/cm3.  After connecting the P-Trak probe to the filter tubing and housing, the 
counts dropped sharply and continued in the range of 20 to 46 cts/cm3 over a 5 minute period 
of time as follows: 
 

1:14 pm 21 to 42 cts/cm3 
1:19 pm 20 to 46 cts/cm3 

 
When taken back inside the counts again dropped further to 4 to 10 cts/cm3, consistent with 
test #1.  And when P-Trak probe was back in the room air, counts rose again to ~3000 cts/cm3.  
The average over this entire 5 minute period was 33 cts/cm3.  When coupled with the room 
particle counts, the trapping efficiency was 99.87 %. 
 
Particulate Test #3: 
 
The third test was done back on the benchtop where Test #1 was done in B229.  This test 
utilized a candle as a particle source.  When the probe was held close to the candle flame, the 
particle counts reached between 100,000 and 300,000 cts/cm3.  After connecting the P-Trak 
probe to the filter tubing and housing, and holding the opening to the filter close to the flame, 
the counts dropped sharply and continued in the range of 4 to 12 cts/cm3 over a 10 minute 
period of time as follows: 
 

1:22 pm 4 to 10 cts/cm3 
1:26 pm 5 to 12 cts/cm3 
1:28 pm 4 to 10 cts/cm3 
1:31 pm 4 to 9 cts/cm3 

 
The average over this entire 10 minute period was 8 cts/cm3.  When coupled with the room 
particle counts, the trapping efficiency was 99.996 %. 
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Summary of three Particulate tests: 

 

 
Unfiltered 

cts/cm3 
Filtered 
cts/cm3 

Efficiency(%) 
 

 room 3000 11 99.63333  
outside 25500 33 99.87059  
candle 200000 8 99.996  

 
Comparison to Stardust tests 
 
Between November 1996 and April 1997, Stardust SRC filters were tested at JSC by Mike 
Zolensky and his team. The trapping efficiency measured for particles in 0.3 to 0.5 µm range 
was 99.9% or better.  And the efficiency was greater than this for larger particles.  Our results 
extend to smaller particle sizes and are comparable to or better than those for the Stardust 
filters.  In particular, the Stardust results on cigarette smoke, which is dominated by small 
particles (<1 µm), show 99.9% efficiency compared to the OSIRIS-REx results on comparably 
sized candle smokes (<<1 µm) show 99.996% efficiency.    Both results are excellent, but the 
OSIRIS-REx performance at small particle sizes (<1 µm) might be slightly better. 
 
 

Humidity Testing 
 
Initial meetings with John Graf and Jeff Sweterlitsch and Craig Broerman in March 2016 in B7 to 
look at the filter and housing concepts indicated that they have a variety of tubing sizes and 
that with a few standard adaptors available it would be possible to fit our housing within their 
gas lines.   The filter (OR-MA-0018) (Figure 15) was installed in the housing and the whole 
assembly was placed in an oven in the meteorite thin section lab (B31, R1024) at 50°C to 
bakeout overnight on 10/26/16 to 10/27/16.   The filter was then bagged in a ziplock bag and 
kept in Righter’s office from 10/27 to 10/31. The filter weight (in housing) was measured on 
10/27 in B7 and it was 1195.34 g. 
 
Testing was done starting at 2 pm on Monday 10/31/16, in B7 with Giraldo Alvarez and Tom 
Garza.  The flow rate was calibrated against Dry-Cal DC Lite primary flow meter and ranged 
from 1.48 to 1.52 L/min over 5 readings within a 30 second period.  90% or 40% humid air was 
supplied and hydrated via a bubbler (Figure 16) which was then sent through a humidity sensor 
to measure inlet humidity, then sent through the filter in the test housing, and then through a 
flow controller and into an outlet humidity sensor.   The humidity sensors are Vaisala model 
HMT333.  All measurements are recorded onto a laptop – time, temperature, flow rate, inlet 
and outlet humidity.  A schematic of the entire system is shown in Figure 17.  Using this system 
the filtering efficiency can be measured by monitoring the outlet humidity.  It should stay low 
while filter is stopping water, and then slowly rise after the breakout, rising to a level 
approaching that of the source.   
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Figure 15 - SRC filter used for humidity testing (OR-MA-0018). 

 

 

Figure 16 - Test stand used for the humidity tests, B7A, Room 1030. 
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Figure 17 - Schematic diagram of the test stand used for humidity tests (B7A, R 1030) 

 
Humidity Test #1: 
 
The first test was done using a 90% humidity air source.  Although the outlet humidity started 
at ~ 25% and initially dropped, to slightly lower values (~ 22%), it then rose within about 30 
seconds, indicating the breakout had occurred already (Figure 18).  This was unexpected. 
 

Test 1 - 10/31/2016 
Beginning Wt. (g) 1195.35 

Ending Wt. (g) 1197.54 
Change in Wt. (g) 2.19 

  
Efficiency 

Liters of 90% Relative 
Humidity Air 

100% * 
95 - 99.99% * 
90 - 94.99% * 
85 - 89.99% * 
80 - 84.99% * 
75 - 79.99% * 
70 - 74.99% 1.906 
65 - 69.99% 1.672 
60 - 64.99% 1.499 
55 - 59.99% 1.494 
50 - 54.99% 1.573 
45 - 49.99% 1.836 

* - Filter began at 75% efficiency 
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Figure 18 - Filter performance for Humidity Test #1 

 
Since the filter had been stored at ambient room conditions for about 4 days it may have 
absorbed water after the bakeout and thus started off partially saturated.  The weight of filter + 
housing was 1197.54 g.  It was decided to bakeout again overnight and then cap it and move to 
the lab immediately to prevent water absorption from ambient air.  Thus, Test #2 was the same 
as Test #1, but with a bakeout immediately preceding the actual test. 
 
Humidity Test #2a: 
 
When the filter was hooked up at 2 pm on 11/1/16, there was clearly water in the system, as 
the outlet tubing had condensation.  The filter + housing was weighed as before – 1197.08 g.  
Although it lost weight, it was still not as low as the previous week (1195.34 g), implying that 
the bakeout had not worked as expected.  Instead of baking out the filter to dry it, it was 
purged with dry air.  The purge was done overnight (21 hours) at 1.5 L/m with 1.2% humidity.  
This worked very well.  On morning of 11/2/16, the outlet humidity was ~0.9 % and weight was 
1196.10. 
 
Humidity Test #2b: 
 
Test #2b started at 9:56 am on 11/2/16 with a 90% humidity source air and 1.5 L/m flow rate.  
Initial humidity stayed very low indicating the filter has high efficiency in the first ~20 minutes 
of testing.  Test data show that for the first 20 Liters of humidity that passed through the filter, 
the outlet humidity stayed < 10% (Figure 19).   
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Figure 19 - Filter performance for Humidity Test #2b 

 
 

Test 2b - 11/02/2016 
Beginning Wt. (g) 1196.10 

Ending Wt. (g) 1198.01 
Change in Wt. (g) 1.91 

  
Efficiency 

Liters of 90% Relative 
Humidity Air 

100% 6.025 
95 - 99.99% 7.248 
90 - 94.99% 6.325 
85 - 89.99% 3.945 
80 - 84.99% 2.726 
75 - 79.99% 2.171 
70 - 74.99% 1.921 
65 - 69.99% 1.788 
60 - 64.99% 1.764 
55 - 59.99% 1.880 
50 - 54.99% 2.162 
45 - 49.99% 2.766 

 
Test #2b was kept running for 3 hours and 45 minutes (~ 225 min) at a 90% humidity exposure.  
Humidity on outlet side maxed out at about 73%.  The filter weighed 1196.10 g pre-exposure 
and 1198.01 g after exposure, so the entire assembly retained 1.92 g of water.  
 



 
  23 

 

Humidity Test #3: 
 
Test #3 was carried out using the same procedures as used for Test #2b, but used a lower input 
humidity of 40% rather than 90%. 
 
Test #3 started at 9:00 am on 11/3/16 with 40% humidity source air and 1.5 L/m flow rate.  
Final dry out weight was 1196.04 g.  Nearly 22 liters of air passed through the filter before the 
efficiency dropped below 90%. On the other hand, it took ~ 40 minutes for relative humidity to 
increase above 10%, so the filter’s ability to keep outlet relative humidity <10% is again 
achieved well after the ~20 liter capacity of the SRC is attained (Figure 20). 
 

 
Figure 20 - Filter performance for Humidity Test #2b 

 
 

Test 3 - 11/03/2016 
Beginning Wt. (g) 1196.12 

Ending Wt. (g) 1196.72 
Change in Wt. (g) 0.60 

  
Efficiency 

Liters of 40% Relative 
Humidity Air 

100% 6.025 
95 - 99.99% 5.653 
90 - 94.99% 10.980 
85 - 89.99% 8.472 
80 - 84.99% 7.222 
75 - 79.99% 5.529 
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70 - 74.99% 4.061 
65 - 69.99% 3.313 
60 - 64.99% 2.796 
55 - 59.99% 2.501 
50 - 54.99% 2.402 
45 - 49.99% 2.372 

 
 
Comparison to Stardust Humidity tests 
 
Between April 1997 and April 1998, Stardust SRC filters were tested for humidity at JSC by Mike 
Zolensky and his team. The trapping efficiency measured for moisture was determined by 
weight gain of the filter.  For tests with a 100% humidity source, trapping efficiency was 25%, 
and for 40% humidity source it was 91-96%, both for the first 20 Liters and using a flow rate of 2 
L/min. 
 
Our results are comparable to or better than those for the Stardust filters, as outlet air is kept 
at <10% relative humidity after passing ~ 20 Liters of moist air (both 40% and 90%) through the 
filter.  The results at high humidity (90 to 100%) are better than observed for the Stardust 
filters.   
 

Overall Summary of OSIRIS-REx Filter Tests 
 
Filters identical to the flight filters used on the sample canisters of both the Stardust and 
OSIRIS-REx missions were tested for their ability to: (i) capture organic gas phase molecules 
(acetone, benzene, hexane, ethanol, and carbon monoxide), (ii) retain these same organic 
molecules during heating after trapping, (ii) trap particulates in the 0.02 to 1 µm range, and (iv) 
trap water from air having relative humidities of 40 and 90%. 
 
In all cases the performance of the test filters was comparable with the previous tested 
performance of the Stardust filter, and in several specific areas the OSIRIS-REx test filters 
performed slightly better than the Stardust filters.  In this respect, the Science Team should be 
confident in the flight filter's ability to protect the returned sample from the majority of 
potential contaminants the SRC may be exposed to during Earth reentry and SRC recovery and 
disassembly. 
 
During the heat soak that follows Earth reentry and landing of the SRC, the filter may release a 
small fraction of its load of trapped compounds.  The majority of these are likely to be 
atmospheric gases, including gases resident in the filter since launch, and therefore do not 
constitute a contamination concern.  Contamination exposure of the sample to these gases will 
be further mitigated by the canister's propensity to 'exhale' during the heat soak and by the net 
outward flow of N2 after the canister is attached to a purge gas supply. 
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Recommendation 
 
 
The implications of these test results for the purge in recovery procedure is that the baseline 
plan is consistent with the findings.  That is, not to apply purge in the field, but instead to get 
the sample/canister back to the portable cleanroom as fast as possible, and apply the purge 
there.   
 
As the SRC enters the atmosphere, the internal canister will go from essentially vacuum to 
ambient pressure, over ~10 minute period of time, which will cause air to flow through the 
filter (into canister), with a flow rate of ~1.5 liters/min.  Data from the testing show that in this 
initial time frame, when there is flow through the filter, efficiency is high and will be adequate 
in stopping moisture.  It is only during this initial equilibration of the canister with the ambient 
Utah conditions that there will be flow through the filter (first ~ 10 minutes).  After this, there 
will be limited flow through the filter and therefore limited additional moisture entering the 
canister.  As a result, the canister will only experience high moisture contents if there is 
extended flow through the filter.  This is unlikely after the canister and ambient air has reached 
barometric equilibration (unless there was some large variability in the ambient desert air 
pressure compared to the internal canister pressure).  So there is no need for a purge to be 
applied in the field, as opposed to slightly later in the cleanroom. It is most important to get the 
sample/canister out of the field and back into the cleanroom as soon as possible.  Applying a 
purge in the field may lengthen the time needed to get the canister back into the cleanroom 
and thus endanger the sample canister in other ways.    
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