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CRYOGENIC SAMPLING OF TUE AIRBORNE LASER LABORATORY

I NTRODUCT ION

Atmospheric baseline data of the cabin of a KC-135A aircraft modi-
fied for use as an Airborne Laser Laboratory (ALL) were rtquired for
assessing the possible interferences with an onboard Gas Analysis and
Detection System (CAflS). This device will monitor the aircraft atmos-
phere and the dynam ft laser exhaust ducts in order to  advise the crew
when onboard gase’ r each levels of concern . The gases of interest
include He (diluent), N 0 (oxidizer), CO ( f u & l ) ,  0

2 (starter), N2(coolant), CH4 (starterL JP4—JPS—JPR (.sircraft fuel), and CBrF
3 
(coolant

and fire suppressant) (1).

A cooperative effort w..s Init ia ted between the School of Aerospace
Medicine (USAFSAM ) and the Air Force Weapons Laboratory (AFWL/LRP ). The
approach was similar to that emp loyed in detection of an unknown ‘~eniical
contamination of DOD Subsistence Tr.illers (2). Samples were obtained ,
both on the ground and airborne , with the t’SAFSAM cryosampler over
relatively long periods. The collected samples were analyzed with a
coupled gas chrom.itograp h—m.iss sp~~ trometer—data system (CC—MS—Data).

This report details results ‘t both ground and airborne s.rnpling
conducted July—Octobe r 1975. The ~ r ’ It1 1 phase samples were obtained in
a closed aircratt during the late afternoon with minimum activity and in
the morning during a more active period associated with preflight
requirements. The uirborne sample was obtained during a mission .

EXPERIMENTAL SAMPL iNG

The aircraft sampled in this study was an early model of the KC—135A
built in 1955, which has been modified to become the Airborne Laser Lab-
oratory . The atmosphere to be sampled was drawn from the midline of the
aircraft , approximately 5 ft (1.52 in) above the cabin floor and opposite
the left wing emergency exit hatch. This sample was concentrated for
analysis by the USAFSAM cryosampler (Fig. 1). A flow diagram of the
cryogenic sampling system is shown in Figure 2. The atmosphere from
which the organic constituen9 were to be removed was passed serially
through a flowmeter at 300 cm /mlnute , sample cylinders maintained at
(1) 0 C——ice water bath , (2) —78 C——dry ice bath , (3) —175 C——a liquid
nitrogen bath regulated with warm gaseous nitrogen , a flow control valve ,
and a metal bellows circulation pump. Compounds which have a partial
pressure in the gas stream greater than the vapor pressure at the various
trap temperatures wl~1 be retained (3). Experimentally determined
recoveries at 300 cm /minute for butane , hexane, and toluene are 67%,
65%, and 91% respectively .
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The condit ions ot samp l ing .I r ~ described In T.*ble 1. The ground
l e v e l  samples were obtained wi th  the a i r e r a t t  p a r k e d .  SampLe 105 ~~~
obtained 1425—1600 hours with the airCraft doors clr.cd. Various
ground maintenance activity w~o. in It r i ~~ r(~ .s with  ~~~~ disturbances in the
aircraft. Sample 108 was obtained ~M 4~- ll15 hours. There was increased
activity in the aircraft. The doors were opened f requently, resulting
in increased ventilation.

TABLE 1. SAMP LE CONDITIONS

In itial Fl ow Time of Vo1~~~
Sample ambient ra~ sample collected

-~~~~ number Type temperature (l/munj 
~~i~J~L (liters)

Sample 105 (round level 27.4 .3 105.0 31.50
Sample 108 Cround level 23.6 .3 l~ u.0 48.00
Sample 106 Airborne 22.0 .5 268.2 80.46

ANALYSIS

Analyses of the samples were accomplished with a gas chromatograph
(Vrirlan Model 1400)—mass spectrometer (DuPont Model 21—491)—data sv•s~~~~r

(Dupont Model 21—094)(Fig. 3). The gas chroinatograph co lumn was 3—a
long by 3-mm OD microbore (0.7 mm ID)  s tainl ess s eel . The column pack-
ing was Porapak Q (a polyalky l s ty r e n t ) of 100—120 mesh. The column was
temperature programmed from —100°C to 250 C at approximately 10 C/minute .
The effluent of the gas chromatograph was split with 25% going to a
f l ame ionization detector  (FID) , and 752 to the mass spectrometer (MS)
(Fig. 4). Compound quantitation was obtained by integration of the gas
chrotnatographic FID response (AutoLab IV). A 95 part—per—million hexanc
standard prepared by M.-itheson Gas Products was used as a quantitation
reference. Compound Identification was provided by the MS—Data System
us ing a DuPont Library Search Program (4 ) .  The l ib rary  Is based on
spectra of 23,879 compounds (5).
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RESULTS AND DISCUSSION

The resul:s of the three analyses ~‘l the .rvogt .iuically obtained
samples are presented in Table 2. The highest concent ration of hydro-
carbon was associated with the afternocin ground study . This sample was
taken at the highest ambient temperature and lowest vent ilation rate.
The ground sample obtained with the greatest activity and ventilation
had a hydrocarbon content equivalent t o  the airborne sample. There were
58 compounds identified in the three samples. Eight of the compounds
were reported in .ill three samples (ethano , heptanc , benzene , toluene,
xylene , acetaldehyde , R— l2, and R—1l3). The greatest contribution to
the aircraft atmospheric hydrocarbon content was R—12 , which is used in
the cooling system. R—l13 is a common solvent used in cleaning many
aircraft systems. The major portion of the hydrocarbons in the paraffin ,
olefin , naphthene , and aromatic classes occur in turbine engine fuels
and are normal constituents of all jet airfield environments. The
oxygenated compounds may result from jet engine exhaust , occupancy of
the cabin by humans, or offgassing of the aircraft construction materials.

CONCLUSIONS

The study has indicated that a low level of hydrocarbons was
present in the aircraft cabin. The highest compound concentration
occurred on a hot afternoon with the aircraft closed . Flight conditions
represent essentially the same conditions as those observed at ground
level with the aircraft ventilated. The levels of hydrocarbon wer~
sufficiently low to present minima l interference w i t h  onboard gas
monitoring equipment.
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TABLE 2. ~IRBORNE LASER LABORATORY ATMUSS~I l t kF SAMP LES (JULY —OCTOBER 1975) :
C OMPOUNI)S REP ORTED BY CHD$ICAL CLASS AS PARTS-PER-BILLION HEXANE

Conpound Ground stud y Airborne ~ t u ~~v
Sample 105 Sample 108 Samp~~ 106

Pa r a f f  ins
Fth a ne . I .2
Pentane  1.0
2—M ethy lpr opan e 3.0 2.0
n—Hexan e 1.0 .6
4— M e t  h v l— l — p e n t a n e  2.0
2 , J— [) lmet hy Ip ent ~ ne 7.0 1 . 11

n— f l c p t a n r  2 .0 2.0 .5
2. 3,3— Trime thylpcntane 3.0
2 , e -L)imethyl— 3—e thy ipen t ane  4 .0 3.0
n—Butane . 1
3, 3—Dimcthylhexane 3.0
3-Ethy l hexane 5.0
rl—\ r1.uIe ~i .O 2.0
3,4-1)imethylhexane .8
!-Methyl—4—ethy lhexane .4
2,2 ,3,4—Tetramethylpentane .8

Olef Ins
Ethene 2.0 .5
Propene 1.0 .2
2— Meth y lpropene 2.0 Trace a
1—Pe ntene . 3
‘. — M e t  hv l— 1—hexene .8
i-Mc~thy 1—2—hexene 10.0

~—Bu tene .5 .9

Dio l ef Ins
1 ,3—Butadiene .9
Isoprene 4.0

Naphthenes
Methylcyclopentane .6 .1
6,6—Dime thyl fulvene 4.0
l—Methyl—l—ethylcyclopentane .5
Methylcyclohexane .5

Aromat ics
Renzene 1.0 .7 2.0
Toluene 9.0 4.0 2.0
Xvlene 10.0 5.0 5.0

airace compounds have a concentration less than .05 parts—per—bIllion .

6
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TABLE 2 (Cont inued)

Compound Ground study Airborne stud y
Sample 105 

- 
Sanj~1u ~~~ Sample 106 

-

Aldehydea
Acetaldehyde 8.0 7. 0 6. 0
Propanal 1.0 1.0
Butanal 6.0 3.0
Iso—valeraldehy~c 1.0
2-.Ethylbutanal 20.0 3.0
Hexanal 10.0 2.0
Heptana l 2.0 4.0

Alcohols
2-Ethyl-n—butan ol 9.0
2—Propylbeptanol .8
4—Methyl—1-pentyn— 3—O1 .5

K tones

~~~i~ropanone 5.0 8.0
2—Pentanone 6.0
2,3—Pentanedione 2.0
3—Pentanone 5.0
4—Methyl-2—pentanone 3.0

Ethers
Viny l methyl ether 2.0
1,2—Epoxypropane .1

Nitrogen-containing
n—Buty l nitrate .1

Halogen—containing
R—12 100.0 9.0 40.0
1,1,1—Trifluoroacetone Trace .1
R—l13 3.0 .8 .1
l—Chloro— 3—me thylbut—2—efle .5
2-Chlorobutane 1.0
Tert—butyl bromide .3
1—Fluorohexane 1.0

Sulfur—containing
Carbon disulfide .1 .1

Unknowns Trace 1.0 6.4

Total hydrocarbons 241.2 75.3 
81.27
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