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I. INTRODUCTION

The hypergolic rocket propellants used in Air Force and NASA operations
include the oxidants N0, and hydrogen fluoride (HY) inhibited red fuming
uitric acid (IRFNA), and the fuels hydrazine, munomethylhydrazine, and
unsymmetrical dimethylhydrazine (UDMH). These chemicals are extremesly
hazardous to propellant handlers (skin contact can cause rapid and severs
burns) and are highly toxic (they exhibit both acute and chronic toxicity).
On the basis of their demonstrated oncogenic potential in laboratory uz:l.:na.].s,1
the hydrazine family of fuels is listed among substances suspected of carcin
ogenic potential in man. Their use requires special protective equipment and
operational procedures designed to maximize personnel su«fety during each phase
of an operation. The complete cycle of operatioas for loading N,0, into a
Titan space launch vehicle boostar, "for example, may last several days and
require the use of several combinations of protective gloves, suits, boots,
and breathing equipment.

The Air Force Systems Command's Space Division (SD) is curreatly review-
ing the protective equipment and procedures used in its propellant handling
operations and 13 developing guidelines for the Space Transportatioan System
(shuttle) operations to be carried out at Vandenberg Air Force Base. During
the past decade, a variaty of protective items have been adopted by the Air
Force for relatively similar propellant haudling operations. As specific
compatibility tests for the materials and propellants involved are lacking,
items such as gloves, protective suits, and boots have often bean adopted as a
result of a manufacturer's recommsndations, extrapolation from experience with
similsr compounds, or practical experience. An examination of the literature
on the permeation of protective clothinsz"zz established that chemical-
material compatibility must be tested on an item-by-item basis, and that
fabric composition, thickness, uniformity, age, and the extent of previous
exposurs are parsmeters that affect compatibility. Variations in the same
materisl (e.g., PVC, nitrile, butyl rubber) are encounterad from manufacturer
to lunufac:uter,7 and from sample to sample, when a single batch of gloves is

examined.

...................
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The rasults of a screening study that measured permeation times for 40
protective matgrials exposed to liquid IRFNA and to liquid UDMH are reported
here. Each experiment involved a previocusly unexpcsed section cut from an
item of unused protective equipment. The suit fabric tests were conducted on
3amples cut from sheets of matarisl. A permeation study involving exposure of
these scme materials to other hypergolic fuels and oxidants {s under way. The
resulty of this study of relative resistance to permeation by fuels and oxidi-
zers will be considered in both the selection of protective equipment and in
the review of the propsllant-handling procedures for SD operations. The
operational and systems—safaty considerations relevant to choosing protective

equipment for Air Force programs are addvessed in the Appendix.
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II. EXPERIMENTAL

A. APPARATUS

The permeation apparatus is illusirated schematically in Fig. l. The
test materials were clamped in a paraffin-coatad glass apparatus by means of a
Viton or butyl rubber o~-ring to ensur: an airtight seal on the sweep air side.
The exposed area of material was 8 cnl, The permeation of NO, was monitcred
by an Energetic Science, Inc. (ESI) Series 7000 Ecolyzer electrochemical
detector. UIMH permeation was monitored by an Interscan Corp. model 1186
electrochemical hydrazine analyzer. Air Products breathing air for the IRFNA
study or Air Products extra-dry nit:rogen for the UDMH study was swept over the
unexposed side of the test material at a rate of 2.0 2/min an& sampled by the
Ecolyzer at 0.71 2£/min or by the In:terscan at 1.2 t/min. The excess swezp gas
was verted into the duct of the hood in which the entire experimental appara-

tus was situated.

B. MATERIAL PREPARATION

Except for a brief visual examination for obvicus defects, samples were
tested as received (from the manufacturer) in this program. This pemitted a
sampling of both product variability and the manufacturer's juality control.
Several test programs have used selection and preparation methods including
leak~testing, washing, and solvent: conditioning.9'12 The prescreening
approtwch is not relevant to this study.

C. REAGENTS

Military specification IRFNA was obtained from Vandenberg AFB storage and
used as received. UDMH of 992 minimum purity was purchased from the Aldrich
Chemical Company. The calibration gas, 100 * 2 ppm NO; in air, was supplied
by atheson, who had verified its coacentration. Independent tests indicate
that the calibration gas concentration remained constant during the testing.
Air Products breathing air was used as the sweep and dilution gas for the

IRFNA study. It contains less than 1000 ppm carbon dioxide (CO;) and has a
dew point below 70 K. A UCMH permeation tube was obtained from Analytical
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Instruments Development, Inc. Air Products extra~dry nitrogen was used as the
sweep and dilution gas for the UIMH study.

D. PROCEDURES: IRFNA PERMEATION

In each experimenc, 0.2 ml of liquid IRFNA was cpplied to the top of the
fabric (t = 0.0 min.) and the concentration of NO, vapor below the fabric was
detected by mesans of z Series 7000 Ecolyzer and recorded as a function of
time. Since IRFNA may be described as nitric acid (HRO3) with excess dis-
solved Noz, the observation of NO, permeation isg iludicative of one type of
faubric failure. Two characteristic permeation tines are r=ported for each
experiment: ty, which is the time at which the NO, concentration reaches the
lower detection limit of the Sevies 7000 Ecolyzer (0.3 ppm in 2 ¢/min sweep
air), and tg, which is the time at which the NOZ concentration reaches the
upper detection limit (2.0 ppm in 2 &/min sweep air). The instantaneous NO,
permeation rate may be obtained from onur concentration data by multiplying the
concentration in ppm by 0.28 gm Noz/nz hr ppm (e.g., 0.3 ppm ¥O, = 0.08 gm
NO,/m? hr).

The small pool of 1liquid IRFNA (which did not cuver the entire surface of
the fabrics) was typically observed on the surface throughout the duration of
the test. An exposurc volume of 0.2 ml was chosen as a compromise hetween the
extremes of a minimua liquid volume and complete surface coverage. Determin-
ing :hﬁ effect of erposure volume upon breakthrough times ty and t;, and
(perhaps) upon the relative ordering of fabric permeation resistances, waz

beyond the scope of this study.

Liquid IRFNA contains |2 HF., No measuremant of HF permeation was carried
out. Tests showed that HF permestion would not have interfered significantly
with the ability of the Series 7000 Ecolyzer to detect NO,.

E. PROCEDURES: UDMH PERMEAT ON

The iiquid UDMH permeation tests and data handling were carried out in
the same manner as described for the liquid IRFNA permeation tests. Each test
was initiated by the application of 0.2 ml of liquid UDMH to the test sample,
and the small pool of liquid (which d1d not entirely cover the surface) was

P Yt e At \"‘\_3"c . - - . Pafiadin . e ETFTITETLNITTY Chak I S Bl e e Of
ca e Te e - . - P P AR St



observed to remain on tha surface throughout the test. UDMH permeation was
detected by the Interscan hydrazine analyzer, and the UDMH concentratiom in
the sweep gas was recorded as a function of time. The characteristic times ¢t
and ty for this system are daterained at 20 ppb and 750 ppd levals of UDMH in
2 t/min sweep nitrogen. Por our setup the lastantanecus perasation rate
equivalent to a UDMH concectration in ppb is ohtained by multiplying by the
conversiuva fzctor ~.7 x 1074 gm UDMH/a? hr ppk (e.g., 20 ppb UDMH = 7.4 x

10~3 g UDME/a? hr).

F. PROCEDURES: CALIBRATIOR

The Series 7000 Ecolyzer WO, analyzer has a usable dynamic range of onz2
order of magnitude and can detect NO, at ~ 0.3 ppa with a signal-to-noise
ratio of ~ 3. It was calibratad on a daily basis %y means of Mathsson-
certified 100 + 2 ppm NO, in air, a simple dilution apparatus, and rota-
meters. ~he Tatarscan hydrazine analyzer was calibrated on a daily basis by
means of a UDMH permeation tube held at 70°C, a simple dilution apparatus, and
rotameters. The rotaneters vare calibrated hy neans of a wet-test meter or
the bubble displacement method, depending upon the flow rate. The UDMH con-
centraticas generatud by the calibration systim were varified by craditional
wet-chemictry colorimetri: nnthodl,23'2‘ afte: they were collected with a

solid :otbent.25

10
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III. RESULTS

A.  GLOVES

The 28 gloves studied in the liquid IRFNA and. UIMH permeation tests are
listed in Table 1. The manufacturer, model number, matsrial composition, and
average thichuu are provided. The gloves are grouped sainly by composition
within the major classifications of unsupported gloves {(1-22) and supported
glovas (23-28). The average thickness foi each composition grouping is also
given.

The permeation rate results are summarized in Table 1, vhich lists the
measured breskthrough times ty, and saturation times ty for glove palm sec~
tions. N indicates that no permeation was cbserved for 90 min. The experi-~
meatal uncertainty in £ and ty is + 1 =in or less. The variation in t), or ty
exhibited by several glove models is more likely to be due to varisbility in
the quality control of the glove manufacturer than in our experimental

procadure.

The indi{vidual breakthrough times for mz and UDMH are plotted in Figs. 2
and 3, respestively, for the 28 glove models. The number in parenthesis repre-
sents the mumber of replicate data points that overlap within experimental

uncertainty.

Ko permeation times were reported for the liquid IRFNA study of glove
palms 10 and 11. Both gloves produced saturated negative responses on tche
Ecolyzer m2 analyzer within 1.5 min of the addition of 0.2 ml of IRFNA to the
pala section. A mass spectrometric investigation into this phenomenon indica-
ted that nitrous oxide (N,0) and sulfur dioxide (S0,) are released from the
unexposed side of the fabric prior to NO, detection. Reaction (1) is thermo-
dynsuically spontaneous and exothermic,

4m2 + 38 » 2uzo + 3soz (1)

11
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rig. 2. NO, breakthrough times following exposure of glove palms to
liquid IRFNA. N indicates that there was no detectable NO,
permeation during the 90-ain duration of the moritocing.
§ indicates the error limits that can be assijaed to experi~-
mental procedures, as opposed to the data scatter caused by
variation in sample quality. (A) Glove palms found to be in-
compatible with our test procedure. (Therefore, no brsak-
through times can be reported for their IRFNA testing.)
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Fig. 3. UDMH breakthrough times following exposure of glove palms to

N indicates that there waa no detectable UDMH
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and generically accounts for the N,0 and S0, as products of oxidation of
sulfur (S) contained in the natural rubber. It was axpecimentally determined
that the Ecolyzer registered uo respouse to N,0, whersas it registered a large
negative response to 6 pm: §7; in air. Siace the ty and ty values in Tuble 1
and Fig. 2 are defined ia terms of NO, concentrations, no values can bu repor-
ted for gloves 10 and 11 because of the presence of an unknown amount of S0,
interference. When larger volumes (0.4 ml) of liquid IRFNA wers applied to
the palms of gloves 10 and 11, the initial negative Ecolyzer response was
followed by a positive response occurring at 20 mizn (glove 10) and at 8 min
(glove 11) after the IRFNA application. These results ~an be explained by the
consumption of the smaller (0.2 al) volume of IRFNA by resction with the
natural rubber, whereas vith larger smounts of IRFNA, NO, permeates after
locully depleting the sulfur in the glove samples.

We tastad for permsation on sections cut from variocus portions of a few
gloves. The results of two of these invastigations illustrate the sensitivity
of breakthrough tisas t5 the area sampled. IRFNA permeation testing was per-
formed on sections of glcve 27, with breakthrough times (t;) ranging from no
detectable permeatica for 90 min for sections cut from either the palm or
wrist, to 1.5 min for the gauntlst section. UDMi permeation testing was
performed on sections cut from glove 12, with t; ranging from 14 and 16 ain
for two palm sections, to no detectable permeation fcr 90 min for the wrist

section.
B. SUIT FASRICS

Nine suit fabrics, described in Table 2, were subjected to liquid IRFNA
and UDMH permee’“‘on tests. At least five permection tests ware performed on
each fibric with each of the hypergols (using fresh samples for each tast).
The average values and the standard deviations are reported for t; and ty in
Table 2. The individual values of t;, for the IRFNA end UDMH tests are pre-
sented in PFPigs. 4 and 5.

C. BOOTS AND HOOD WINDOW

Two Tingley boots and a hood window (Standard Safety) were tested for
compatibility with the oxidant liquid IRFNA and the fuel liquid UDMH. Samples

15
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SUIT FABRIC NUMBER

NO, breakthrough times following exposure of suit fabrics to
1iquid IRFNA. N indicates that there was no detectable NO,
permeation during the 90-min duration of the monitoring in five
experiments. The numerals in parentheses indicate the nuamber
of experiments having the samg outcome within experimental
limits. § indicates the error limits that can be assigned to
experimental procedures, as opposed to the data scatter

caused by variation in sample quality.
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Fig. 5. UDMH breskthrough times following exposure of suit fabrics to
1liquid UDMH. N {indicates that there was no detectable UDMH
permesation during the 90-min duration of the monitoring in five
experiments. The numerals in parentheses indicate the number
of experiments having the same outcome within experimental
limits. § indicates the error limits that can be assigned to
experimental procedures, ss opposed to the data scatter
caused by variation in sample quality.
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were taken from the ankle region of the 43 + 5 mil natural rubber (modael 1400)
and the 45 £ 5 mil Neoprens (model 1440) 254~mm—high (10-1in.) 1:ungley boots.
Both boots withstond the 90-min IRFNA and UDMH testing without detectable
permeation. The 40-mil PVC hood window survived the 90-min oxidant and fuel

exposura witlhout detectable permsation but with impaired transparency.
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IV. DISCUSSION

A. GLOVE PERMEATION

The relative resistance of 28 commsrcially available glove models to NO,
permeation following exposure to liquid IRFNA, and to UDMH following exposure
to liquid UDMH, was established by using material sections cut from the pala
as the standard for comparison. Nineteen of the 28 models resisted NO, per—
meation for the 90-min duration of the test. Four of the 28 resisted UDMH

permeation for the 90 min,

It was found that, for the particular glove models chosen, all six
neoprene-containing materials (three neoprene, three neoprene/natural rubber
combinations), all four nitrile, all three butyl, and the single Viton-
containing material resisted NO, permeation for 90 mia. We conclude that
these specific glove models should be among the first considered when exposure
to liquid IRFNA is possible. It would be invalid to generalize that all glove
models coantaining neoprene, nitrile, butyl, or Viton are resistant to liquid
IRFNA aince meny factors, including thickness, the detailed couwposition, the
manufacturing procedure, and the manufacturer's quality coantrol, determine the

performance potential of a commercial product.

The results of our tests involving glove sections made of natural rubber
{1lustrate that it is invalid to generalize from specific test results to
genaric capabilities. Seven natural rubber glove materials (and three
neoprene/natural rubber samples counted sbove among the neoprene group) were
resistant for longer than 90 min, whila two models reacted with lijuid
IRFNA and released SO, within 2 to 3 min. The models that reacted (10 and 11)
were the thinnest natural rubber models tested. It is unknown whether the
failure of these gloves was due to a difference in composition or asaufactur—
ing process, or simply that 0.2 ml of IRFNA was sufficient to consuma 0.23 mm
of natural rubber, but not 0.38 am (the next thicker natural rubber). It was
beyond the scope of this study to determine the failure mechanisms for gloves
or suits that resisted permeation for less than 90 min.
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The single PVA glove model, ~ 1.0 mm thick, was permsated almost
instantly (0.1 -~ 0.2 min). This model is clearly incompatible with liquid
IRFNA. The six PVC glove models were all permested in less than 90 min., The
braskthrough times increased with increasing thickness for the three Pionser
PVC gloves (20, 21, and 22), increasing from ~ S min for 0.25-mm material
to ~ 40 uin for l.0-mm th:lckncu. The thras Edmond Wilson PVC models (23, 24, -
and 25), with thicknesses of ~ 0.9 ~ 1.2 mm, had dreakthrough times of 26 to
50 min., The cousistent pemcﬁion of all six PVC glove models in less than
90 min suggests that PVC should not be smong the first materials to be con~
sidersed when exposure to liquid IRFNA is possible. We return to a discussion
of the compazibility of PVC with IRFNA vwhile sddressing the resnlts of the

suit meiery L tests.

Only four of the 28 glowe models included in our study resisted UDMH
permeation following exposure to liquid UDMH for more than 90 min. All three
butyl gloves, ranging in thickness from C.3 to 0.8 mm, were resistant to UDMH
for the full 90 win. Among the limited seluction of materials and models we
tested, butyl rubber is clesarly the first choice (from the perspective of
chemical protection) for consideration when exposure to liquid UDMH is posai-
ble. The "all” neoprene models (1, 26, and 27) afforded protection with
breakthrough times increasing from 40 min for 0.56-ma material (1) to more
than 90 min for 1.3 - l.4-um material (27). Note that 0.33-um butyl perme—
ation resistance is indistinguishable, within the scope of this teat program,
from that afforded by ~ l.4-mm neoprene. The breskthrough times of the
wixed ncoércm/natural rubber glove palms (2, 3, and 4) wvere ~ 10 ain for
O.4—em-thick material in comparison with ~ 40 =in for 0.46-mm "all”
neoprene (1). The uitrile, natural rubber, PVA, and Viton samples tested had
breakthrough times ranging from 4 to 15 min. Thesa models should definitely
not be among the first considered when exposure to liquid UDMH is possible.
The PVC sample with thickness of 0.5 mm, cosparable to the thickness of the
nitrile, natural rubber, necprens/natural rubber, nitrile, and Viton samples,
had a comparable breskthrough time of 15 min. The thin sample, 0.25 mm, had
ty ~ 4 ain; the thick samples, 0.9 to 1.2 ma, had breakthrough times {rom 20
to 40 min. Thus the PVC models tested performed no better than the comparable
wnodels of nitrile, natural rubber, or Viton against exposure to liquid UDMH,

22
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The three butyl models tested clearly performed best against liquid
UDMH (one thick neoprene model also resisted UDMH permeation for longer than
90 main). The other models cffered lass resistance to liquid UDMH and should
be considered ouly when the superior chemical protection of the three butyl

]

-

AP

models 1is not the most important factor in the choice of a protective glove.

- B. SUIT MATERIAL PERMEATION

We hava established the relative resistance of the nine commercial suit
‘ materials toward permeation by NO, after :zposure to liquid IRFNA and toward

UDMH permeation after exposure to liquid UDMH. The results of the five
replicate exposures provide preliminary data regarding the uniformity of each
material's resistance to permeation. Permeation was observed in neither the
five IRFNA nor the five UDMH tests of the chlorobutyl-ccated Nomex material
(fabric 1).

e e, v e as
IR

Fabric 1 was used in the Rocket Fuel Handler's Clothing Outfit (RFHCO)
and exhibited the excellent permeation resistance demounstrated by otherl6sl7
chlorobutyl materials. Fabric 1 is DuPont asterial number 23219-41-1 and has
been replaced by fabri: number 23219-119-1, which i{s now being used in the
RFHCO. The RFHCO chlorobutyl wmaterial is used in Air Force and NASA
propellant transfer operations in which there is potential for exposure to

2 cug . ENs i - -
PRI BRSSO

hypergolic propellant liquid or coacezcr.ted vapor.

< W

We observed no UDMH permeation in tests of the aluminized Mylar/mylon
scrim/PVC, fabric 7. This material should be considered along with the
chlorobutyl material, when exposure only to UDMH is considered a possi-
bility. 1Its rapid (~ 2 min) permeation by NO, should preclude its nse when
exposure to liquid IRFNA is possible.
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The chlorinated polyethylene, fabric 2, had ty and ty values of about 30
min after exposure to liquid IRFNA. Of the materials tested, this material
: would be a secund choice to chlorobutyl where chemical resistance to both
i | 1liquid IRFNA and UDMH is necessary.

Pabrics 3 and 5 (Winter Glo 20 and Gra-Lite 20) are the most interesting
examples, in this study, of permeation resistance being a function of the

detailed composition of the fabric. They also il'ustrate the danger in
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! extrapolating from the performance of one material to that of a “simiiar”

. material., PFabrics 3 znd 5 are PVC-based materials of the same thickness

: (0.71 mm) made by the same ms-wfacturer. Their permsation resistance differs

2 significantly: 15 ain versus 22 win agaianst liquid IRFNA and 10 min varsus
l 20 win ageinst liquid UDMH. Winter Glo 20 (fabric 3) is intended for usa in
- cold weather where enhanced flexibility is zequired. This is achieved by

using a different plasticizer than that used in Gra-lLite 20 (fabric 5). This
apparently accounts, at least in part, for their diffsrent resistaances to
permeaation by TRFNA and UDMH. The four other PVC~based fabrics (4, 6, 8, and
9) tad thicknesses ranging from 0.3 mm to 0.6 am. They provided comparatively
lictle protection against permeation by either NO, or UDMH, with breakthrougn
times ranging from 7 ain to 0.3 min., All six PVC-based fabrics provided less
protaction against permsation than did the chlorobutyl SCAPE fabric (1) or the
chlorinated polyethylene fabric (2).

AR - SRS

.

C. THE INTERPRETATION OF OUR BREAKTHROUGH TIME MEASURVMENTS

Breskthrough times as defined in our experiments (302 or UDMH permeation
as detected by an slectrochemical detector) may differ from times obtained by
other techniquus becsuse of differences in the test paramsters; those parame-
ters are detection limits, the area of fabric exposed, and sencitivity to
interferences created by fabric decomposition. Two gloves exhibited "nega-;
tive™ Ecolyzer responses, which wers apparently caused by S0, production. It
may be possible that other reactions produced compounds that cause a positive
Ecolyzer response. Since it is unlikely that interference would exactly cancel
out the detector response to NO, or ULMH, the “no-dstsctable~permeation”
resuits indicate that NO, or UDMH truly failed to parmeate within the 90-min
test. The frilure to permeate could indicate either fabric resistance ta
permeation by the hypergol or complete reacticn of the hypergol with the
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saterial.
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It is poesible that exposure of protective materials to either IRFNA or
UDMH may result in the generation of products more toxic than the original
IRFNA or UDMR. These umight go undetacted in electrochemical detector—based
studies. A definitive permeation study will require the use of a universal
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detector such as a mass spectromerer to establish the identity of permeants

as a function of time.

D. PERFORMANCE PREDICTION BASED UPON THESE RESULTS

It is invalid to extrapolate from our test results to a prediction of
p.7*~rmanca in actual use. If we consider that the suit fabric test pleces
were cut from relatively new bolts of saterial, and that the glove pieces vere
cut from the thickest section of unused gloves and not repeatedly exposed to
hypergolic material, sunlight, solvents, abrasica, or flexing before exposure,
then we aust conclude that the measured t; and ty values are best case
results., The relative ordering might have been different had we studied
samples repeatedly stressed for 6 months or & year. It is unlikely that the
magnicude of the breakthrough or saturation times would be increased by such
streas. The actual safety margin (between external exposure and internmal
breakthrough) afforded by the use of a given material that had a t; value of
10, 20, 20, or aven 90 min {s thus uaknowm.

An alternative analysis, based uron the supposition that a person exposed
to liquid IRFNA or UIMH would not keep a drop of liquid on one spot for any
extended period, leads to a conclusion that these are worst case results. If
one consijers that the most likely exposure involves vapor rather than liquid,
and that such exposures are less stressful than exposures involving liquid,

then our results are worst case results.

The glove palm breakthrough times cannot be extrapolated to the performance
of whole gloves, eaven under conditions identical to those of tie tests. As
1{llustrated by testing performed on gloves 12 and 27 (see the glove results
section), the breakthrough times can depend strongly upon the portion of the
glove that is exposed. Whole glove performance will likely depend upon the
most easily permeated portion, which, in turn, may vary from glove to glove.

There {s ansther Lype of limitation to the application of these test
results to the prediction of performance: manufacturers of suit materials
or gloves have been knowa to change the chemical composition of a fabric or
glove, or its manufacturing process, without changing the product designatioan,

such as model number or name, and without notifying users. Any change in the

25




conposition or manufacturing proccss might significauntly change the permeatioa
resistance of a product=—invalidating the results of even the most realistic

performance testing.

The final caveat {s that our test results might give no indication of
the relative performance of other butyl, anitrile, or PVC-based products toward
1iquid IRFNA or UDMH, £s the detailed composition, the manufacturer, and tha
'quality coantrol of the supplier can vary. Just as certainly, our breakthrough
times should not be used in the definition of operational procedures.
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V. SUMMARY AND CONCLUSIONS

The relative rasistance of 40 items of protective equipment to permeation
by N0, after exposure to liquid IRFNA and to permestion by UDMH after exposure
to liquid UDMH was astablished. Our results are useful as a first screening
of thede specific protective materials. Palm sections of specific glove
wmodels made of butyl, neoprene, nitrile, natural rubber, and Viton resisted
NO, permeation for the full 90-uin duration of the tests. NO, permsation vas
observed for all the PVC samples, the single PVA sample, and two of the six
natural rubber samples tested. The three butyl models and ons of the six
neoprane models were the only palm samples that resisted UDMH permeation for the
full 90 min. In the other palm sectious examined, pe-mestion occurrad between
0.1 ain and ~ 80 min following application of liquid UDMH or IRFNA.

- Of the nine suit fabrics niuincd. only chlorobutyl-coated Nomex resisted
permeation by both NO, and UDMH for wore than 90 miz. The aluminized “ylar/
nylon scrim/PVC material resisted UDME permsation for more than 90 ain; it was
perneatad by IRFNA in ~ 2 min. The chlorinated polyethylene fabric resisted
NO, and UDMH permeation for ~ 30 .un in wvach case. Six PVC materals were
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tested; permeation was observed to occur in each case, with breakthroughs
occurring between 0.4 min and 22 win, depending upon the apecific PVC fabric.
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We must be circumspect and not generalize too broadly on the basis of
this study. A limited selection of commercially available equipment was

P AR
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studied, the tests were static and limited to small samples, permeation was

s

detected by reagent-specific monitors, glove tests were of palm sections, and

quality assurance programs are not in place to pro.ect the user froa manufzc-

N - QRN

turing changes that may alter the degree of chemical permeation protection
afforded by a given material. It is certainly reasonable to suggest, however,
that the butyl and the chlorobutyl rubbers be the first materials from our
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h test group to be considered (from the perspective of permeation resistance)
N when exposure to both liquid IRFNA and UDMH is possible. Further, it is

E;:: evident that no item of protective equipment should be adopted without

-

specific chemical compatibility testing, that procedures are needed to ensure
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quality control in adopted equipment and, finaliy, that the performance of a
specific wodel of protective equipment cannot be predicted with certainty froa
the performance of other models made of siailar muterisls, even when all are

sade by the same manufacturer.
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APPENDIX: CATEGORIES QOF HAZARDS REQUIRING
PROTECTIVE EQUIPMENT

The sslaction of protective squipment for a particular NASA or Air Force
operation is based upon recognition of the hazards that are present or might
be encountsrsd. Cousideration is given not only to the obvious dangers of
exposure to the propellant, but also to the hazards associated with heat
stress and reduced dexterity. Equipment must provide adequate protection from
the propellant without eliminating the possibility of a self-rescue that could
involve & 5min egress from a servicing tower.

Three general categoriss are considered in the use of protectivza «quip~
sent: (1) potential exposure to pteinurizcd propellant (the greatest hazard);
(2) hand protection for operations in a “shirt sleeves™ enviromment; and (3)
high work load (poteatial heat stress), complex manipulation, limif.ed work
space, and the porential of exposure to low concentrations of vapor or limited
quantities of propellant presenting hazards of comparable magnitude.

In the first category the Rocket Fuel Handler's Clothing Outfit (RFTCO)
is used. It consists of a fitted, zipper-locked, full-body chlorobutyl-coated
Nomex suit, a rigid helmet, boots, gloves, and a self-contained breathing
apparatus barckpack with a 1~ to 2-hr air supply. The unit is maintained at a
slight positive pressure, with air distributsed throughout to minimize heat
stress. The combination of bulky and heavy backpack, 'huvy suit, gloves, and
positive pressurization limit the work load and dexterity associated with
RFHCO use.

The secoad catagory requires maximum dexterity and resistance to permes-
tion in the event of exposurs to drops of propellant.

The requirements of the third category are the hardest to define, since
an assessment of relative hazards might requirs more or less chemical protec-
tion in one operation than in another. Eight of the tested protective fabrics
(fatrics 2-9, Table 2) are used or are being considered for adoption in
category 3 working environments. In category 3 operations, a water washdown
is required as soon as possible following contact with propellant. Our studies
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indicate that some fabrics are almost instantly permeated by UDMH or IRFNA and
that others might give less than 35 min of protection. The use of fabrics 2
through 9 imposes severs systems safety constraints on operations, since saelf-
tascue and wvashdown must be feasible within the limited protection time that
the materials provide following their contact with liquid hypergolic oxidizer

or fuel.
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LABORATORY OPERATICKS

The Laboratory Operations of The Aerospace Corporatfon is conducting exper-

{mental and theoretical investigations necessary for the evaluation and applica-
ton of sclentific advauces to new military spsce systems. Versat{ility and
flexibility have been developcd to a high degree by the laboratory personnel in
dealing with the many problems enucountered in the nation's repidly developing
space systems. Expertise i{n the latest scientific developments {s vital to the
accomplishzent of tasks related to these probleas. The laborastories that con-
tribute to this research are:

Aerophysics Lahoratorv: Launch vehicle and reentry ierodynamics and heat
transfer, propulsion chemistry and fluid mechanics, structural aechanics, flight
dynamics; high-temperature thersomsechanics, gas kinetfcs end radiation; research
fn environmental chemistry and contamination; cv end pulsed chemical laser

develipaent {ncluding chemical kinetics, spectriscopy, optical resonstors and
beam pointing, atmospheric propagation, laser effects and countermeasures.

Chemistry and Physics Latoratory: Atmcspheric chemical reactions, urmo~
spheric optics, light scattering, state-specific chemical rocutivas and radia
tion transport in rocket plumes, applied laser spectroscopy, laser chemistry,
battery electrochemistry, space vacuua and radfation effects on aaterials, lu-
brication and surface phenomena, thermionic emfssion, photosensitive materials

and detectors, atomic frequency standards, aod bioenvironzental research and
monftoring.

Elec:tronics Research Laboratory: Microelectronics, GCaAs low-ncise and
power devices, semiconductor lasers, electromagnetic and optical propagation
phennaena, quantum electronics, laser communications, lidar, and electro-optics;
compunication sciences, applied electronics, sesfconductor crystal and device
physics, radiometric imaging; =millimeter-wave and aicrowave technology.

Information Sciences Research Office: Progrss verification, program trans-
lation, performance-sensitive system design, distributed architectures for

spaceborne computers, fault-tolerant comput=r systems, artificial intelligence,
and microelectronics applications.

Materials Scierces Laboratory: Development of new amsterials: wmetal matrix
zomposites, polymers, and new foras of carbon; component faflure analysis and
reliability; fracture mechanics and stress corrosion; evaluation of materials in
space environment; materials performance in spsce transportation systems; anal-
ysis of systeas vulnerability and survivability ia enemy-induced environments.

Space Sciences Lahnratory: Atmospheric and fonospheric physics, radiation
from the atmosphere, density and composition of the upper atmosphere, aurorae
and afrglow; mavnetospheric physics, cosmic rays, generation and propagation of
plasma waves {n the magnetosphere; solar physics, Infrared astronomy; the
effects of nuclear explosions, magnetic storms, and solar activity on the
earth's atmosphere, {onosphere, and wmagnetosphere; the effects of optical,
electromagnetic, and particulate radistions in space on space systems.
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