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EVAI.UATION OF PROTECTIVE CI.OTHING
" FOR USE WITH FLUORINE =

. By M. CHAIN ROBB!NS M.P.H.
Safety Engmeenng, Aerospace Gmup, The Boemg Companr Seatdc. Wash

Dunng the past year, various government
agencies have shown a growmg interest in
’ ﬂuonnc ag an oxidizer in lxqmd propulsion
-gystems. . g
Boeing has been conducting laboratory and
_ remote-site tests with both Yiquid fluorine
(LF;) and fluorine-oxygen (FLOX). Sys-
_tem design” parameters  define requm:meuts
far remote opemtlons of pressurization,
transfer, purging,’ ete. Personnel, however,
. must make and break connections - and per-
_torm_ wmaua operations attendant to u:stmg
when systern failure mlght present exposure
conditions.
. Air Force and NASA cancern for per
sonnel safety has snmulated the protective
clolhmg mzmuiacturers to develop suits for
pretection against a variety of fuels and
axidizers, yet mamtammg wearabxluy and
_flexibility in service. (Several siits are

prescntly on the market, but government -
specifications 1o date have_nat required man-

‘ufacturers to demonstrate performance in
d)namxc expostire environments.)

"The Boeing Acrospace Group Safety Eng:-
nee!lng organization reviewed current pro-
tective clothing practices in the chemical and
perospace industiies. There is no umforxmty

" inr clothing materials being used ag:umt oxi-
dizers such as_fluorine. In fact, there is very
little dymamic test data ;nvmhble on materials
presently heing used or propmed for - use
with fluorine.

Ag'unst this background we bndcrtook a

test’ program whose Objcchve has ‘been to

- . evaluate those materials in use or propesed

for use under dynamic conditions of (ex-
posure to gaseous and liquid fuorine, Il’om
these evaluations. 4 determination has “been
made of the most shitable material-and 2
specification developed for protective-suit
construction. ,

" Technical Approach

47 possible protecnvc-suit matmals ‘were'

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

wooo. .

K

Kcl-b, polyurcthanes; Armalon 97—001,

. Armalon 97-001A, and. Armalon- 57-001G.
{Atmalon is a Du Pont trade name used to

identify a Teflon laminate consisting of Tef-
on fabric 0008 inch thick ovércoated on -one

" side with Teflon (FEPY 0.005 inch thick
film, and is identified as 97-001. Some sam- -

ples had a vacuurm deposition of aluminum

or gold and weére further identified as “A” .

or "G" respectively afier the 97-00%. The
selection -of Du Pont's 97-001 material was
hased on North American Aviation, Rocket-

- dyne-Division test report No. 2091 on Con- © E

tract AFO4 (611)-3963, which indicated the
97-001G material to he exceptionally resistant
to gaseous Fi, chlorxnc~trxﬂuorxde (CTF),
and pentaborane.)

The Boeing test progmm consisted of ﬁve

phases ;

1. Chemical compatibility lests on all ma-
teml ‘samples,

‘2. Gaseous permieation tests on matcnals

that showed the best performance in Phase - .

;-in add:tlon, test spécific areas of §mt con-
struczxon (seams,’ joints,: eic,)
i 3. Tensile, strength lests on materials that
wrwv«: Phade 2.

! 4. Gaseous fliorine impingement tests on

matenals that showed the best: performar;ce

in Phases 1 and 2.

8. Liquid fuorine tmpm},'cment tests on
materials that performed best in Phases 1,
2, and 3.

Test Apparams
The same facility was nsed for ‘the gascoys

‘chemical compatibility, permeation, and im-
. bingement tests. The facility. consists of & .
_ source of ﬂuorme gas for Blling a set of six.

cells or jigs. Pyrex glass cells were used for
the cliemical compatibility studies and stain-
less steel. jigs for the permeation studies,
Fluorine g'ls was supplied from a cylinder
enclosed i & steel barricade cquipped with
remote controls for operating valves, Using
025 ‘inch diameter stajnless steel tubing,
fluorine gas was brought into the inlet mahi-

i
'

.
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'ld of thc test apparatus. aftcr‘passmg
rqugh .an absorption tube for hydrogen-
woride (HG) removal and a rotameter for.
w' rate measurement. The HF- scrubber
uained an activated form' of. -sodium-
soride, The entire, test setup was assembled
a laboratory fume heod. Fluorine gas was
troduced into each glass cell mdrvtdually
d valved, aflowing it to have its ‘own
mosphere mdepcndent of the othcrs. A line
‘o 3@ vacuum pump, including a coil im-
ersed in a liquid-nigrogen bath and soda-
me-packed tube, was attached to the outlet
apifold. The cold trap prevented any or-,
anic vapors from the vacuum pump' from
aering the test area, while the sodallire
the will prevent fivorine from reaching the
acuum pumnp, Nitrogen was dried by passing
1¢ cylinder gases through a coil immersed
3 dry ice before entering the test sctup 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,
‘worine ¢ylinder. A vacuum gage; calibrated:
g:;{nst a mercury manometcr was located
he inlet: manifold; '

*hase 1—~Cheptical Compalibl'lily Tests \

. The test samples wete approximately 0.5
nch wide and two . inches long. Prior to
cstmg, the samples were solvent-cleaned, dis-
illed “water' rinsed, wiped clean, and air
Iried. ,

The samples were’ bqng on stainless stecl
tooks located jnside the glass cells. The
iystem was first passivated with gaseotss N,
hen' evacuated. A vacuum was drawn and
saseous fluorine (GF:) was then introduced
nto the celi until reaching a- L-atmosphere
positive pressure. The samples were exposed
10 100 per cent GFy environment, at 1-atmos-
phere for two hours. The samples were
weighed on an analytical balance before and
after exposuire, (o0, GF. to determine 'my.
weight change.

Test Results

The Armalon 97-00%, 97-001A, :md 97-
011G, butyl-coated nlyon (parachute) cloth,
Bupa N codted nylon, (Jt:ntex 2 (AY-nylon-
neoprene), and Du Font neoprene nylon 5009
demonstrated the best - performances of the
supported materials, Sawyer-Tower , neo-
prene-nylon and Gralite failed this test. Sev-
eral unsupported samples demonstrated good

" Aerospace S ecuon

- results, such 4s neoprenes (2-0262) (2-0022) -

{#89) ; butyls (62.72) (8.0255) (#80-011);
palyurethane (UR 29E Black); Nordell
(50-001) ; and Surlyn 'CA) and—VitomA,

9- 0277'and 80—060

Phase 9——Pcrmea¢wn Tests -

’I'he same facility in Phase 1 was used for .
the permeation: test, however, stainless steel
jigs were fabricazed 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 between the mating equators and
torqued tight, A. continvous flow of dry

‘nitrogen was passed through the top section,

A flyorine atmosphere was produced in‘ the
lower section by flowing seven liters of GFs

~into and through the chamber during a 10

minute ’ purge Thc Iowcr section was then
“gealed~~. - -

Only\samples that showcd best perform-'
ance in Phase 1 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 permeatmn Jlg and
its  “handle” available for~ positioning - 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 outfet

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 F:.gas was bubbled
into the ‘O,IN NaQH solution.). Previous
tests indicated .that this systern will quantita-

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

The pressure on the bottom' on the Fi side
‘was built up-to 1-atmosphere positive pres<
stre; the pressure-on the N; or tap side of
“the jig was_built up to l-atmosphere plus
two inches of H.D positive pressure durmg
-sampling. Bubbler sampling was done peri-
odically during the test.

(.

" Test Resulls

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

n
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that the exposed sxde had whuened soine-
what, .

Armalon, 97-001-—This material dzmon-
strated the best overall Teflon re:ults “with
low permeation rates, - :

. Armalon 97-001A and G-Although some
samples demonstrated low pennmtxan mca,
.some had bigh fates. Close examination re-

< vealed pin holes through the material. It is

i

1felt that in thie process of vacuum deposition,
-there is some tendency to, cause FEP ﬁlm

. degradation.

Armalon 97-001 Conlammg Sewed-Sealed

. Seam—High' permeation rates.

Armalon 97-001G, Sewn and Senlcd—~ngh
permeaucm rates.

Armalon 97-001A, Sewn and Sealed~}hgh
permeation rates.

- ~Cellulose Acetate Faces!ncld—-—'l‘wo samples -
(approximately 0060 inch thick) were.

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

-cotld be greatly increased since it was the

following day before it was retested. Equi-.
librium values of about 13 micrograms/inch’/
hour were noted aiter ohe day. Subscqucnt

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 Sheer Stock)+~
One sample of Du Pont T-5595 Butyl burned
immediately upon Fa exposure.

'I'Iworeucal Suu I‘ermcalmn

To get sama msrghz as to the significance -

of the permcatlon relative 'to full-size fuel-
handler’s suits, calculations were made show-
ing the projected suit leakage rates. Times
of exposure and percentages of “gaseous F
were varied, The calenlations were based on

. the ‘surface ares of an average size man

(ISS ft?). The assumption is made that the
suit is under two inches of water positive
pressure from supplied air or its own en-
vironmental controf system. .

Exomple 1 (Leakage Rute =
ineh’ fhour )

1. Multiply ihe leakage rate tmes suit
area to find the leakage per hour, expressed
in ppm rer average 5u1L1M:r houf,—-— -

2. In this cxamplc the leakage per hour
would be:

12

10 uglFsf

A Concentratlon ppmla\eragecwt/hour '

100% 19
10% 169
- 5% ' 845

3. In five minutes, the lealage would be:

_ F.Concentration ppmla\mge suit
00% 41 .
10% . 141 .
% 071 ‘

Example 2 {Leakogt Rale = 700 ug/mch‘
)IJWY ‘ ‘3

* 1. Multiply the leakage rate times suit
area to find the leakage perlhour, expressed
in ppm per-average suil per | hour

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

Fi Concentration  ppmy/average smt/ hour

__100% 11,739
TTTT Mg T '!','173.9'
5% . 38695
3. In five minutes, the leakage would be:
FiConcentration  ppm/average suit
100% - | 6782
10% - 918
5% o 489

The sesnlts shown above take on added
meaning in light of  emergency exposure

levels published recently by the Natiopal* -
. Ac'xdémy”of Science. See Table §. . .

Table 1: Emergency Exposure chels

. Free Fluorine |
€ oucmlratmn Level  Time of Exposure
5 ppm_ 5 minutes
3 ppm 15 minutes
2 ppm .30 minutes '
t ppm 1 .hour
0.1 ppm 8 hours -
p Hydrogen Fluoride -
. Concentration Level  Tima.of Exposure
30 ppm C- 5 minutes
20 ppm " 15 minutes
10 ppm 30 minutes
8 ppm I bour

Phase 3-~Te'mle Strength Tests.

Al specimens that were permeation tested
were later tensile tested per Federal Specifi-
cation CCC-T-191b, Afethod 5102,

‘%pg_cimcns {one_inch by six inches) were e

placed symmetrically into the clamps of an

_ Instron Tester, with long dimension paraliel

o s it s 5 1m e

e\ e st



and thc short dimension at right angles to .

the direction of load: apphcauon The yam
running paralle! to thie fong dimension of the
specimen was aligned with 6ng outside edge
of the. front jaw of each clamp to ensire the
same yarns being gripped in both clamps. The
tension 'was evenly - distributed on the yarns
betiveen clamips, Force was applied at the
specimen at 12 £ 0.5 inches per minute.
After specimen rupture, the breaking force
was read from the dial indicator and re-

corded. The: jaws were faced ‘with rubber .

to prevent sllppage,
Test Re.ml!:
“The test results are shown in Table Il

Table H: Tensile Strength Tests
) Tensile Strength

: Cods After Fy - Loss
Materisl~ Recéived Comainiriation {Percent)”
97-001 75 psi - 63 psi 16
97-001A 68psi 63 psi 7
97-001G 68 psi 64 psi 6
97.001 ' : U e

(Seam) 120psi + - 112psi 7
92-001A - .

{Seam) . 120psi . 115 psi 5
90016 - -, :

(Seam) 120 psi . 14psi [}
Butyl U '

T-559:) 1960psi 1010 psi’ 48

Neoprene :
* (Wilson

89) - 3760 psi 2825 psi 25
Celtulose

Acetate 7166 psi 5280 psi | ‘26

Phase 4~Gaseous Impr'ngemmt 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

(B-0255 butyl, Nordel 50-001, and 62-72
butyl) that had only been given the chemii-
cal compatibility test were tcsted Jdn . this
phase.

" A test appam(us simifar ‘16 the chemical
compatibility test equipment was used. The
system was evacuated and the sample ‘sus-
pended 0.1 inch from an orifice (016 mcL
diameter), Gaseous fluorine was then flowe
into the evacuated chamber umtil the pres-
sure reached 1-atmospherg agam {about Onc
minute of flow).

A

i eey RN

" Test Results E ”

There was no visible reaction -or change

_in the weight or appearance of the samples.’

Phase S—qumd Fluorine Impmgemen! Tests

Dynasmic liquid- -fluorine impingement 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 compnubxluy tests were liquid-im-

. mngcfl ,
- The 10 gallon lxqmd-ﬂuorme transfer tcst

apparams was used’ for the impingement
“tests. Here liquid: fluorine was made by.con-
-densing gas from cylinders in a liquid-nitro~
gen bath, The stand consisted of @ stainless
steel rack,
cells. Each “cell was mrmmned 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 liges were

arranged so that each sample was. impinged -

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

"an AN 806-4 plug with the plug drilled to a
1/16 incli diameter orifice. .

The test samples were approximately six.

by six inches and were solvent cleaned, water

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

xmpmgemcm was conducted per sample.
+ The samples were mounted to the copper
screen holder. The jet orifices and samples

, were protected from moisture Dy 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 pnor o pres-
surizing the system.

- After condensing the hqmd ﬁuormc in-the
10 gallon test apparatus, it was transferred
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. Approxinately three liters
of liquid fluorine were condensed from each

" gas cylinder, Each sample was jcl-lmpmgcd
" with approximately 500 cubic centimeters of

. S &Y
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subdivided into six individual

.—
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1965 National Sefety-C ongress Lo
LF: per test {1/16 inch onﬁce. ﬁvc to cxght demonstrated - gmd results in the chemical
seconds, at 50 psig). g .. coinpatibility tests, caught fire when hqmd—

- impinged.
Test’ Re:ult:

' he resul
Table 111 tabulates individual test rebults. ‘bo;f‘hfhgogmg ::3’ :lx:qarui(zies;e:ts. results of

It indicates th ific reaction,
e T T cuion, such as 1. Asrmalon ‘)7-d(51 material demonstmted

immediate fire, delayed- ignition time, de ree
“of fire, no rea'ctian, etc. g « the hest overall performance to both _gaséous
and liquid tests,

Conclusion. o 2. Armialon 97-001G was demanstrated to

The results of the chemical compaubxmy be chemically compatible, and two samples
‘tests indicated that of the 47 materials  demonstrated the lowest ,ﬁuorocarf)on Iper-
tested, only four supported elastomers, 10  meqbility rates. A third sample, however, had
unsupported " elastomers, and three’ flvoro-  high leakage rates and, when closely exam-
carbons proved.to be compatible, " ined, pinholes. were found: (It was hypothe-

It is not known wlxcthe;: the method of sized that the pinholes were caused when the .
polymer application or compounding made gold was vapor-deposited onto the film.)
the difference in compatibility. Spectroapaly-  Portions of the gold samples caughl fire
sigs did not reveal enough differences in  when Ilqmd—xmpmged

P

-

- polymer formulation or_molecular arrange 3 Armalon 97-001A also was. demonsimted, e

ment, to indicate spcctﬁc d:ifcrences betwccn to be chemically compatible ‘bist, when per-

P"‘Y mers. * meation tested, one sample demonstrated ex-
. Several of the materials, such as butyl over cessive Ieakage tates. (Again,. when closely

. .aylon, neoprene over nylon, Buna-N over exammed pinholes were found.) The sa.mple

‘nylon, neoprene 89, and Gentex 2, which wught ﬁre when liquid-impinged.

'

. TABLE 11I: RESULTS ,
Trade. Nm;m o ‘Composition ) ﬁéﬁulls

Gen! . hl:-Glaxs-Neoprene . Caught fire immediately.
Wugnrd Glove 89 N‘eo rene Caught fire. Delayed lire reac-
Wilson Rubber Co. l-coated nylon - tion,
Du Pont 190-27-3 're on labrlc—-'renon m. Caught tire lmmedlatel
\ Du Pont Armalon film Caught fire, One en umed
\ 97001 | fame as above 97-001—gold Delayed fire
« Dy Pont W‘Oﬂ . conting .. Caught tire on one slde.
.-G . L Same aaznooxa except aluml- Caught fire. Dela ed actlon,’
Du Pont Armalon num coated Burned quite rapid)y once jt.
91-001A (Retest) Same aa SBample & atarted,
Du Pont Armalon - Paceshield, 0,080 inch thick Caught rlre around perimeter of
- . . Neoprene sample. E ge o! e gold burned
Cellulose Acetate | Neoprene aver nylon and f(taked o
Wiigard -Glove Buna-N over nylon Caught fire., De!ayed reaction,
Du Font 500D, . Faceshleld © QOnce sta It burpned up ap-
Du Pont 5085 (Retest) Same ay’ Bamplea § proximately 2 Inches of face-
and 7 with bulx rubber seam shield.
Du Pont Armalon ' Retest) B'uces l Cought fire, Delayed actlon,
81-001G ame as Sample . Caught fire immediately, .
Cellulosa Acetate . Polyamlde-B’EB fllm plus Caught fire lmmed!ntely
Du Ponz Armalon gold deposition Caught tire immediatel :
: Faccshleld Seam caught fire immediately i
urr.l PEP-Gold Faceshleld with - vigorous burning
tli'lb'}’m film, 0.005 [nch cﬁltclx,s{r ésonted both sides. - go nact:on
ek o reaction. .
FEP, 0.020 inch tbick . (Ratest) Same as Samples 4 ‘Violent fire lmmedlately.
Grafi Ite X . and 16 No react] loa. "
Pont Armalon 'I‘hlu samplc had been’ ex- ‘No reactl
. . posed to G¥; for’ 24 hours Caught tre “Immedtately.
Du Pont Armalon . g'rlm- to lquid teatlng : No reaction,
¥/ . Faceshfeld Same as Bample 18 No reaction.
FEP tiim, 0.020 inch . Faceyhleld Same, as Ba}np!es_A No reaction. '
. thi¢ 8 and 1 No reaction, .
Celiulose Acetate (Reteat) Same ans Samplc 19 .Caught fire tmmediately.
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