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EVALUATION OF PROTECTIVE CLOTHING
~ FOR USE WITH FLUORINE

During the past year, various government
. agencies have shown a growing interest in
fluorine as an oxidizer in liquid propulsion
" -systems. , : v

Boeing has been conducting labor%tdry and
-- . remote-site tests with both liquid fluorine

(LF;) and fluorine-oxygen (FLOX). Sys-
_tem .design parameters define requirements
" for remote operations of pressurization,
transfer, purging,” etc, Personnel, however,
must make and break connections and per-
. _form various operations attendant to testing
when system failure might present exposure
conditions. . ‘
; Air Force and NASA ‘concern for pers
sonnel safety has stimulated the protective
clothing manufacturers’ to develop suits for
protection against a variety of fuels and
oxidizers, yet inaintaining wearability and
. flexibility in service. (Several suits are

prescntly on the market, but government -

specifications to date have. nat required man-

‘ufacturers to demonstrate performance in’

dynamic exposure enivironments. )

The Bueing Aerospace Group Safety Engi-
neering organization reviewed current pro-
tective clothing practices in the chemical and
jaerospace industries. There is no ‘uniformity

" in clothing materials being used against oxi-
dizers such as fluorine. In fact, there is very
fittle dynamic test data pvailable on materials
presently being used or proposed for: use
with fluorine. '

Against this background we imdcrtoc;k a

test’ program whose objective has been to
© . tvaluate those materials in use or propesed
for use under dynamic conditions of yex~
posure to gaseous and lquid fluorine, 'Fl'om

these evaluations. a determination has “heen -
made of the most suitable material-and 2 -

specification developed for protective-spit
construction.

* Technical Approuch

. . } : . N
47 possible protective-suit materials 'were:

selected for test. These included. butyls,
neoprenes, cellulpse acetate, Teflon, FEP,

10 o

v

. ByM.CHAIN ROBBINS, MPH.. . . -
Safety Engineering, Aerospace Group, The Boeing Company; Seattle, Wash,

+

Kcﬂ*‘, polyurcthanes;, Armalon 97-001,
. Armalon 97-001A, and. Armalon-.57-001G. ‘
{Armalon is a2 Du Pont trade name used to

identify a Teflon laminate consisting of Tef-
lon fabric 0.008 inch thick ovércoated on one

~ side with Teflon (FEPY 0.005 inch thick
film, and is identified as 97-00]. Some sam- -

ples had a vacuum deposition of aluminum

or gold and wére further identified as “A” .

or "G" respectively after the 97-001. The
selection -of Du Pont's 97-001 ‘material was
hased on North American® Aviation, Rocket-

tract AFD4 (611)-5963, which indicated the
97-001G material to he exceptionally resistant
to gaseous F, “chlorine-trifluoride (CTF),
and pentaborane.) -

The Boeing test program consisted of five

phases

* 1. Chemical compatibility tests on all ma-
terial ‘samples. -

2. Gaseous perrieation tests on materials

that showed the best performance in Phase - .
‘1;-in addition, test spécific areas of suit con-

struction (seams, joints,: ete,).

y 3. Tensile, strength tests on materials that
urvive Phade 2.

4 4. Gaseous fluorine impingement tests on
" materials that showed the best performance
i

in Phases 1 and 2. ‘ A

5. Liquid fluorine impin};«n&nt tests on
materials that performed best in ‘Phases .1,
2, and 3. ' : .
Test Apparatus = ,

The same facility was nsed for-the gascoys

‘chemical compatibility, permeation, and im-
pingement tests. The facility. consists of a .
source of fluorine gas for filling a set of six

cells or jigs. Pyrex glass cells were used for
the chemical comipatibility studies and stain-
less steel, jigs for the permeation studies.
Fluorine goy was supplied from a eylinder
enclosed in a steel barricade cquipped with
remote controls for eperating valves. Using
025 inch diameter stajnless steel tubing,
fluorine gas was brought into the inlet mahi-

s

e

~dyne-Division ‘test report No. 2091 on"Con- * = = |

————r



1d of the test apparatus, afferpassing
rough an absorpfion tube for hydrogen:
mride (HG) removal and a rotameter for.
w rate measurement. The HF- scrubber
ntained an activated form- of ..sodium-
soride. The entire test setup was assembled
a laboratory fume hood. Fluorine gas was
troduced into each glass cell individually
W valved, allowing it to have its own
mosphere independent of- the others. A line
'om & vacuum pump, including a coil im-
ersed in a liquid-nigrogen bath and soda-
me-packed tube, was attached to.the outlet
anifold. The cold trap prevented any or-,
anic vapors from' the vacuum pump" from
mering the test area, while the sodalime
1be will prevent fluorine from reaching the
acuum pump. Nitrogen was dried by passing
1e cylinder gases through a coil immersed
3 dry ice before entering the test setup. The

itrogen gas was valved for' purging any or -

Il parts of the complete system. A pressure
age was located ahead of the fluorine flow-
wter to read the-pressure regulator on the
’uo}'ine cylinder. A vacuum gage, calibrated-
gainst a mercury manometer, was located
n the inlet' manifold: : a

>hase 1—~Cheptical C or;zpatibility Tests \

- The test samples -were approximately 0.5
nch wide and two_ inches long. Prior to
esting, the samples were solvent-cleaned, dis-
illed “water rinsed, wiped clean, and air
Iried. o -
The samples were hung on stainless steel
1ooks " located inside the glass cells. The
iystem was first passivated with gaseous N,
hen' evacuated. A vacuum was drawn and
saseous fluorine (GF:) was then introduced
nto the cell until reaching a- l-atmosphere
positive pressure, The samples were exposed
to 100 per cent GFy environment at 1-atmos-
phere for two hours. The samples were
weighed on an apalytical balance before an

after exposure, to, GFy to determine any
weight change. : ' -

’I‘e{{ Results

The Armalon 97-001, 97-001A, and 97-
ONG, butyl-coated nlyon (parachute) cloth,
Buna N coated nylon, Gentex 2 (AXnylon-
neoprene), and Du Pont neoprene nylon 5009
demonstrated the best - performances of the
supported materials, Sawyer-Tower neo-
prenc-nylon and Gralite failed this test, Sey-'
eral unsupported samples demonstrated good

5

,9-02?7‘and 80-060.

Aerospace Section-

» résults, such as neoprenes (2-0262) (2-0022). -

(#89) ; butyls (62.72) (8.0255) (#80-011); -
polyurethane: (UR 29E Black); Nordell
(50-001) ;" and Surlyn (A) and—VitonA,

Phase 2—Permeation Tests.

The same’ facility in Phase 1 was used for .
the pernieation test, however, stainless steel
jigs were fabricated and used instead of the

. Pyrex glass cells, The jigs were fabricated

into two halves, with 2 mating flange at the
equator. The diaphragms of test materials
were placed hetween the mating equators and
torqued tight. A. continvous flow of .dry
‘nitrogen was passed through the top section.
A fluorine atmosphere was produced in- the
lower section by flowing seven liters of GF;

- into and through the chamber during a 10

minute ‘purge.” The lower section was then
sealed— .- - -

Onljg‘lsamples that showed best perform--
ance in Phase | were tested. Each specimen
began as a six inch square} it was then cut
into the shape of a ping-pong paddle, with
the “paddle” part the same diameter as the
outside diameter of the permeation jig and
its < “handle” available for~ pdsitioning - the
spedithen .in the jig. .

Quantitative measuring of the permeation
rate of GF; was accomplished by sweeping
the outlet gas intd a bubbler containing 10
‘milliliters of 0.1N NaOH through the outlet
side of the N, jig section for five minutes,
(A hose was connected to the outlet orifice
of the N, half of the jig, and gaseous N,
containing the permeated Fi.gas was bubbled
into the ‘O.IN NaOH solution.) Previous
tests indicated .that this system will quantita-

“tively absorb F; and 'HF from a gas stream,

The pressure on the bottorn’ on .the Fi side
'was built yp- to l-atmosphere positive pres~
_sure; the pressureon the N; or fop side of
the jig was built up to l-atmosphere plus
two inches of H.D positive pressure during
-sampling. Bubbler sampling was done peri-
odically during the test. ) :

" Test Resulls

. Wilgard 89 (Neoprene) Glove. Material
(0030 Inch Thick)~This material demon-
strated the best results of all the materials
tested. Two samples were .tested up to 24
hours and no detectable permeation was
found, -Subsequent examination showed only
11

¥
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that the exposed side had wixitened soine-

what, | )

Armalon, 97-001—This material dqnqn-
strated the best overall Teflon results with
low permeation rates, . !

.Armalon 97-001A and G—Although some

samples demonstrated low pernieation rates,
-some had high tates. Close examination re-

* vealed pin holes through the material, It is

* . Armalon 97-001

f

i felt that in tfie process of vacuum deposition,
“there is some tendency to, cause FEP film

. degradation. -

Armalon 97-001 Containing Sewed-Sealed
Seam—-High' permeation rates.
: G, Sewn and Sealed—High
permeation rates. o :
Armalon 97-001A, Sewn and Sealed—High
permeation rates. . ‘ .

" ~Cellulose Acetate Faceshiell—Two samples .
(approximately 0.060 inch thick) were.

fested.. No' detectable’ permeation was found
-dyring the first four houss, and this time

~could be greatly increased since it was the

. the surface arez of

following day before it was retested. Equi-.

librium values of about 13 micrograms/inch*/
hour were noted after onge day. Subsequent

examination revealed some attack, as evi- -
denced by the pronounced odor of acetic .

acid, The material, however, remained op-
tically clear but slightly discolored.

. Butyl (Du Pont. T-5505 Sheet Stock) =~
One 'sample of Dy Pont T-5595 Butyl burned
immediately upon F, exposure.

Theoretical Suit Permeation
3 . :

To get some insight as to the significance -

of the permeation relative'to full-size fuel-
handler’s suits, calculations were made show-

ing the projected suit leakage rates, Times

aof exposure and percentages of ‘gaseous F
were varied, The caleulations were based on
an average size man
(155 ££3). The assumption is made that' the
suit is under two inches of water _positive

pressure from supplied aip or_its own en-

vironmental controf system. C

Exomple 1 (Leakage Ruge
in{:l{’/l;mu)

L Multiply the leakage rate times svit
area to find the leakage per liour, expressed
in ppm Tier averdge suit per hout,— .

2. In this example, the leakage per hour
would be: - ’

12

= 10 uglFsf

Fa Concentration ppm/average suit[hour '

100% 15
10% ‘169
- 5% 845
3. In five mingtes,, the leakage would be:
F:Concentration ppm/average suit
100% ' 141 .
10% . 141 ,
5% 071 ‘

Examp'le 2‘ (Leaka(gé.‘Ra!e‘: 700 uj/inchf. .

Jhour : ‘ _ :
* L. Multiply the leakage rate times suit
" area to find the leakage per hour, expressed
in ppm per-average sust per }wux}‘
2. In this example, the leakage per hour’
would be: '

F: Concentration Ppm/average suit/ hour

100% . 11,739
B (12— 11739
5% | 38695
3. In five minutes, the leakage would be:
Fs Concentration  ppm Javerage suit
100% - G782
10% 978
% o J 489

The results shown above tuke on added
_meaning in light of . EIMETZENCY  exposure’

levels published recently by the National *
. Academyof Science. See Table 1. :

" Table I: Emergency Exposure Levels

e Free Fluoripe ’
Conceniration Level  Tisme af Exposure
S5 ppm ’ 5 minutes
3 ppm 15  minutes
2 ppm 30 minutes
! ppm 1 hour
0.1 ppm B hours -
; Hydrogen Fluoride
Concentration Level Time.of Exposure
' 30 ppm 7 5 minptes
20 ppm " 15 minutes "\
10 ppm 30 minutes
8 ppm " I'bour

Phase 3—Tensile § trength Tests.

All specimens that were permeation tested
were later tensile tested per Federal Specifi-
cation CCC-T-191b, Method 3102,

"'“ﬁpgcimcns (one inch by six inches) were ™

placed symmetrically into the clamps of ag
. Instron Tester, with long dimensioy parallel

—



and the short dimension at right angles to

the direction of load-applicatipn. The yarn
running parallel to thie long dimension of the
specimen was aligned with one outside edge
of the. front jaw of each clamp to ensiire the
same yarns being gripped in both clamps. The
tension ‘was evenly distributed on the yarns
betieen clamips, Force was applied at the
specimen at 12 %= 035 inches per miriute,
After specimen rupture, the breaking force
was read from the dial indicator and re-
corded. The- jaws were faced with rubber
to prevent slippage. :

Test Resul}: .
“The test results are shown in Table 11,
Table h: Tensile Streﬁgﬁl’i‘gs*{sw N
‘ Tensile Strength

: " ds After Fy - Logs
Material™ Recéivéd Containiniation (Percent)”

97-001 75 psi - 63 psi 16
97-001A  68psi 63 psi 7
97-001G 68psi . 64 psi 6’
97.001 e

(Beam)  120psi + - 112psi - 7
97:001A -

(Seam) = 120psi . M15psi ' °3
97-001G | - oy '
(Seam)  120psi, 114 psi 6
Buty! “ N

(T-5595) 1960 psi 1010 psi- 48
Neoprene ‘
© {Wilson

89) - 3760 psi 2825 psi 25
Cellulose -

Acetate 7166psi 5280 psi '26

Phase 4—Gdseous Impingement Tests

Sample materials that demonstrated. the
best performance in the first three phases of
testing were subjected to the gaseous im-
pingement tests; in addition, three materials
(80255 butyl, Nordel 50-001, and 62-72
butyl) that had only been given the chemii-
cal compatibility test were tested in. this
phase. .- ) o

© A test apparatus simifar ‘t6 the chemical
compatibility test equipment was used., The
system was evacuated and the sample ‘sus-
peaded 0.1 inch from an orifice (0,16 inch
diameter). Gaseous fluorine was then flowed]
into the evacuated ‘chamber until the ‘pres-
sure reached 1-atmospherg again (about one '
minute of fow), '

s Yory IR

Test Results ' y .
There was no visible reaction or change

_in the weight or appearance of the samples.’

Phase 5—Liguid-Fluorine Impingemsent Tests

Dynamic liquid-fluorine ir‘npingement tests.

were conducted at the Tulalip Remote Test
Site in conjunction with Boeing Flight Tech-
nology personnel, The tests involved imping-
ing 24 samples. Some samples were retested
two or three times to verify results. Only

- sample materials that passed the gaseous

chemical compatibility tests were liquid-im-

- . 'pinged, -

. The 10 gallon liquid-Auorine transfer tést

‘apparatus was used’ for the impingement

“tests. Here liquid: fluorine wis made by.con.
~densing gas from cylinders in a liquid-nitro-
gen bath. The stand consisted of ' stainless

steel rack, subdivided into six individual

cells. Each cell was partitioned by stainless
steel baffles and copper wite screen for
mounting the samples. A stainless steel mani-

fold was located at the base of the test

rack, to which six 0.25 inch diameter stain-
less steel lines were welded. The lines were

arranged so that each sample was. jmpinged .

" separately. The lines were restricted at the
exit end by installing an AN 818-4B nut and

“an AN 806-4 plug with the plug drilled to a
116 inchi diameter orifice.

- The test samples were approximately six .

by six inches and were solvent cleaned, water

rinsed, and- air dried prior to testing. One .

impingement was conducted per sample.

. The samples were mounted to the copper
-screen holder. The jet orifices and samples
: were protected from moisture by placing a
+ small bag over the purging jet orifice and a

. small Teflon shield over each sample to

protect against atmospheric moistare. The
- bag and ‘shields ' were removed prior to pres-

surizing the system, N

- After condensing the liquid fluorine inthe

10 gallon test apparatus, it was téansferred

through the 0.25 inch’ diameter line immersed

Jn a liquid-nitrogen bath (to -maintain the
density of the liquid- fluorine during the

transfer) into the manifold located on the
test rack. The manifold .was also immersed
in a liquid bath and then impinged onto each
sample separately. Approximately three liters
of liquid fluorine were condensed from each
gas cylinder. Fach sample was jet-impinged

" with approximately 500 cubic centimeters of ‘

‘ 13
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LF; per test (1716 inch orifice, five to eight demoﬁstrated~guod results in the chgmig:al
seconds, at 50 psig). o ‘ coinpatibility tests, caught fire when liquid-

R impinged, ' ‘
Test R"-T“mf , o . The following summiarizes the results of
Table 111 tabulates individual test results. ‘both the gasecus and liquid tests: -
It indicates the specific reaction, such as ' lon 97-001 tefial demonst ted
immediate fice, delayed: ignifion e, degree L. Armalon 97. material demons ra
“of fire, no reaction, etc. © - the best overall performaice to both gaséous
H d . .o and liguid tests, ‘

Conclusion. . ' ’ 2. Amialon 97-001G was demanstrated to

The results of the chemical compatibility pe chemically compatible, .and two samples
‘tests indicated that, of the 47 materials  demonstrated the lowest fluorocarbon Iper-
tested, only four supported elastomers, . 10 meability rates, A third sample; however, had
unsupported " elastomers, and three fluoro- high leakage rates and, when closely exam-
carbons proved .to be compatible, "~ 7 ined, pinholes. were found: (1t was hypothe-
‘It is not known whether the method of sized that the pinholes were cansed when the .
polymer application or compounding made gold was vagpor-deposited onto the film.)
the difference in compatibility, Spectroanaly-  Portions of the gold samples caught fire
sis did not reveal emough differences in when liquid-impinged. . :

—— -polymer formulation or_molecular arrangex 3. Armalon 97-001A also was. demonstrated.
ment to indicate specific differences between to be chemically compatible ‘bist, when per- g
polymers. T ‘ meation tested, one sample demonstrated ex- -

" Several of the materials, such as butyl over  cessive leakage rates, (Again, when closely
- nylon, neoprene over nylon, Buna-N over 'exa_;%incd, pinholes were found.) The sample
‘nylon, neoprene 89, and Gentex 2, which  caught fire when liquid-impinged.

!

TABLE III: RESULTS

Trade. Name o ‘Composition : Resgilts
Gentex . Al-Glass-Neoprene . Caught !ireimmedlatel{. .
Wilgard Glove 89 Neoprene - : Caught fire. Delayed fire reac-
Wilson Rubber Co. Butyl-coated nylon - - tion, . .
Du Pont 190-27.3 ‘Tetlon fabricLTetlon FEP . Caught fire lmmedlateldl. >
{  Du Pont Armalon film : Caught fire. One end burned.
) . f | fSame as ghove 97-001—gold Delayed fire,
¢ “Du Pont Armalon | coating - Caught fire on one slde, )
- 910016 .. S Same as 97-001G except aluml- Caught fire, Da ared action,
Du Pont Armalon num coated Burned quite rapidly once it. .
97-00tA (Retest) Same an Bample § started,
Du Pont Armalen Paceshfeld, 0,080 inch thick Caught fire around perimeter of
97-001G; . . Neopreng . sample. Edge of the gold burned
Cellulone Acetate | Neoprene aver nylen and fiaked off, R
Wm;;xrd-move . Huna-N over nylon Caught fire, Delayed reaction.

Du Pont 5009, Faceshleld « Once started, it burned up ap-
Du Pont 5085 (Retest) Same as’ Samples § proximately 2 inches of face-
Acrylie and 7 with butyl rubber geam shield. N X
Du Pont Armalon * {Retest) Faceshield Cought fire, Delayed actlon,
87-001G Bame as Sample 4 + Caught tire immediately,
Cellulosa Acetate - Polyamide<-FEP ftilm plus Caught fire lmmediately.

- Du Pont Armalon yold deposftfon . - Caught fire immediately, '
97-001 . : Faceshield : Seam caught .fire’ smmedlately i
HT-1-FEP-Gold | . Faceshield . with-vigorous burning. e
FEP film, 0.005 {nch Cotton-coated, both sldes. - No reaction.
thiek with PVC. . No reaction. . :

FEP, 0.020 Inch thick . (Retest) Same as Samples 4 ‘Violent fire Immediately.
Gra-lite - . and 16 A .- No reaction, - .

. Du Pont Armalon This sample had been ex- No reaction.

97001 . . posed to GF; for 24 hours Caught fire Immedfately.
Du Pont Armalon -+ prior to lquid testing, = - No reaction,

97-001 © Haceshield Same as Bample 18 No reaction,
FEP tiim, 0.020 inch . Faceyhield Same as Bamples . No reaction.

. thiek 8 and 1 ’ . No reaction, . .
gelitﬁgse Acetate (Retest) Same as Sample 13 .Caught fire Immediately,
Gra-lite . . . .

. ) .
' ) ,

u T o
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