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pacecraft m' ”;Tlum - Compound Concentration

llowable concentration R, Range (ppm)
: MAC) o ‘ Priority 1 Ethanol 1-10
_ . Acetaldehyde 0.1-3
g/ A Acetone 0.5-5
Dichloromethane 0.03-5
Octamethylcyclotetrasiloxane 0.05-1
Hexamethylcyclotrisiloxane 0.1-2

Propylene glycol 0.5-5
Perfluoropropane 10-100

Priority 2 1-Butanol 0.5-5
Benzene 0.01-1
C5 Alkanes (Pentane) 2-20
C7 Alkanes (Hexane) 2-20
C5 Aldehydes (Pentanal) 0.1-2
C6 Aldehydes (Hexanal) 0.1-2
Ethyl benzene 1-10
Ethyl acetate 1-10
2-propanol 1-10
: — Pt 4 Freon 113 2-10

3 3 = AT ~§ | P Furan 0.01-1
C .tltﬁnt Anaml : Toluene 1-10
- » 5 3 . Xylenes (3) 1-10

e : Priority 3 1,2-Dichloroethane 0.01-0.1

Y ;i
el ',. A ngt: N2, COZ,’&,@ 2-butanone 0.5-5
‘ 5 L o

4 4-methyl-2-pentanone 2-10
Carbonyl sulfide 0.01-1
Chloroform 0.02-1
Freon 11 2-10
Isoprene 0.05-1
Limonene 1-10
Vinyl chloride 0.05-1
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Mass

Dimensions
Volume

Average Power During
Measurement

Operation
Start-up Time

Operation Mode

Time to make an MCA
Measurement

Time to make a Trace VOC
Measurement

Carrier Gas Consumption

Valves

Preconcentrator (PC)

GC Injection
Column
Elution Time

lon Trap Size
MS Pump

Thermal

32.6 kg
(+ 5.3 kg consumables module)
10.8” x 18.1” x 20.4”

64.4 L
120 W

Hard Mount, Static Operations Only

150 minutes (2.5 hours)

Mostly Standby, Expect during
measurements

3-5 Hrs

40 min

1.2 cm3/min

9 x 24 Vdc COTS Parker
(12 Watts during operation)

100x enrichment

Valved injection of 15 uL sample loop
10 m commercial GC column
20 minutes

10 mm
70 L/s TMP+4-stage diaphragm pump

Convection (air) cooled

9.5 kg
(including consumables)

9.5” x 8.75” x 7.5”
10L

45 W

Mobile
<2 minutes

Continuous MCA
Every 2 seconds

10 min

0.1 cm3/min

5 x Space-rated Mindrum
(< 1 Watt during operation)

4000x enrichment

No separate loop, MEMS
valve/PC acts as injector

1to 5 m MEMS GC column
<10 minutes

4.5 mm (1/2 size of VCAM)

6 L/s ion/getter pump

Convection (air) or
Conduction (water) cooled.

>1/3 Mass

Reduced Volume
1/6 Volume

1/3 Power
Portable

Tolerance to dormancy/on-
off cycles

Continuous operation

Dramatically reduced
response time

Reduce response time
Lower consumables

Lower power

Higher sensitivity

Electrostatic, not pneumatic
injection valves

Lower consumables
Faster response time
Reduced size

Mobilit¥, and operation
during Taunch or landing

Common across
architecture




S. A. M. Concept

Paul lon Trap MS: 3 RF sources:
» Smaller UHV Chamber « High power amplifier
» New Sensor: ion gun & detector + High Q, high voltage
* “Wireless” design air-core resonant tank
. Folqllng electronics lon/Getter Pump
design NEXTorr D100-5

HV PCB Low Voltage PCB
A

Yy

Mindrum
Valves

1.5

Cooling Module
(ISS operations)

Sample Pump

MS Control PCB

MEMS-PCGC

o - : @7 , Metal Hydride H,
; Lﬁ- &; Y- | Carrier Tank
!'




Implementation on ISS

S.A.M. will be mounted in an
EXPRESS Rack

EXPRESS Rack provides:

* Mechanical attachment

« 28VDC, 9 Amp

* Ethernet

* Conditioned Air

» Moderate Temperature Loop (MTL)

EXPRESS Rack Configuration Remote Configuration



S.A.M. Plumbing Diagram

Bulkhead Sample
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Core Components - Sensor

All tests are performed with (a) 10 mm trap in 6”
cross chamber (T1) (b) 10 mm trap in custom

chamber (T2) and (c) 4.5 mm trap in the 2.75"
spherical cube (T3)

13: 4.5 mm trap




Core Components - Chamber
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Core Components — MEMS Pre-Concentrator (PC) Chip

= Heater/carboxen/inlet-outlet
- layers (from left to right)

Carboxen 1000,
~177-250 ym particles,
~10-12 A pore diameter

Silicon heater can be heated to 250° C in 0.5 sec for obtaining high PC gain.

Thermal isolation design is the key of the flash heating.

Carboxen in a monolayer w/ posts removed.
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Apex: 1.270 min. 7890a gc.44052.run [0}

Area: 23100.1085

Apex: 1.772 min.
Area: 12069.9000

Apex: 2.271 min.
Area: 7792.8548

Apex: 2.772 min.
Area: 5994.0153

Apex: 3.272 min.
Area: 4554.6221
Apex: 3.772 min.
Area: 3481.9856
Apex: 4.272 min.
Area: 2735.4181

Apex: 4.772 min.
Area: 1896.7177 Apex: 5773 min.

Apex: 5.273min.  prea: 1126.8252
Area: 1602.1488
Apex: 6.264 min.

Apex: 0.732 min. Area: 551.8881
Area: 31.8997

minutes
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2015-06-18-003.tof
Sample: 5ppm BTX :
Samp. Time: 5-60 sec in 5s increments ar

Counts [Arb. Units]
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Core Components — MEMS Micro-Valve (MV) Chip

TCAP/NC/MEM/VO/BCAP layers

(from left to right) Inlet Outlet
Valve closing (VC) &

top cap (TCAP)
Adhesive

Membrane (MEM)
— " Adhesive

Valve opening
(VO) & Bottom
TTRRRRSaa—S——S—S———S——=s  CapjEenE

A
- PB port

* Four microvalves (MVs) are integrated in a chip: Sample, Vent, Carrier, and Injection; for valving

a complete GC cycle.

All the valves are electrostatically controlled.
Unique zipper design for closing: Center pad design for reducing applied voltage and stress.

Anti-stiction coating (purple) and pressure balancing (PB).



MV Data

PA 2015-4-24_btex_no injection_fid_3-05-21 pm.run j

FID output o
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50 : :
< & T T T T T T >
|
1
25 !
1
1
|
1 A 2 3 4 minutes
Valve floating Valve open/close (vent Valve
valve) every 5 sec open/close
w/ sampling
pump off

» Electronics: first year PIDDP Cbana lunch box deliverable. MV block: existing Cbana package.

» The green/red light in the left background means sampling/injection stage.

» The IPA bubble from the capillary is connected to the vent valve. When the green is lit, the
capillary shows bubbles.



Core Components — MEMS Gas Chromatography (GC) Chip

A

* 1 m length x 86 pm diameter MC chip
dynamically coated with OV-5 (5% diphenyl /
95% dimethylpolysiloxane) stationary phase.

« Serpentine column is better than spiral in micro
level of chip design.

* A novel turn geometry. This counteracts the
dean vortices and thereby gives lower
dispersion.

2 m versus 1 m column



| |
Tested 16 SMAC: Methanol, Methylene Chloride,
Nitromethane, Methyl-ethyl-ketone, Chloroform, 1,2-__
dichloroethane, Benzene, 1-butanol, Trichloroethane, 2
ethoxyethanol, 4-methyl-2-pentanone, Toluene,
Hexanal, Diacetone Alcohol, Ethylbenzene, O-xylene ]
(Isoprene is missing among 17 SMAC).

—_—
<
O
S
-
S
a
=
>
@]
Q
[T

|
2
time (min




| T I I T I T T T T | T T T | LI T | T T T I T T T ‘ 1 T I | T T T l T T T l T T T
Benzene (Ti+25s, fwhm=2.7s) 2015-06-09-005.tof ]
Sample: 250 ppm of BTX
Samp. Time: 5 sec
Heating Time: 5sec
Delay: Oms

Toluene (Ti+47s, fwhm=4.5s)

o-Xylene (Ti+92s, fwhm=9.9s)

-
9
=
(&)
D
c

| *

W | :

Illlllllll]lllll[l[llllllllllll]llll(ll

20 0 20 40 60 80 100 120 140 160 180 200 .
Time [s]

)
=
c
-
Qo
[
<
[72]
-+—
C
-]
@)
&




Core Components — Chip Enclosures

Prototypes uses separate blocks: The EM and FM will utilized
PC MV a combination block (will be
made of Vespel)

® @
( (»
( (
9 [ ]
-
(3] Q

The Prototype GC block (stainless steel):
The EM and FM will be Vespel
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