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FOREWORD

This report was prepared by The Connesticut Herd Rubber
C ny, Ned Haven, Connecticut, under USAP Contract No. AF
33(616)-2544. The contract was initiated under Projest Wo.
6312, "Ground Crew Protective Clothing," Task No. 62&98,
"Rocket Propellant Protectic ,® formerly RDO No. 666-350,
“Protective Clothing Against Special Hazards,®™ and was adnin-
istered under the direction of the Materials Laboratory,
Directorate of Research, Wright Air Development Center, with
Mre C. W. Long acting as projsct engineer.

The period covered by this report is from 1 June 195; to
31 July 1955.
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ABSTRACT

A coated fabric comprising a thin coating of aluminum-
plgmented polychlorotrifiuvorocethylene on glass fabric backed
with ¢ low~density silicone rubber sponge, and having an over-
all thickness of 0.070C inch, was developed for vse in protective
clothing for persomnel in danger of being exposed briefly to
a chemical fire at temperatures up to 1000°FP. The fabric shows
excellent resistance to fuming nitric acid and other oxidizers
and fuels, is flexible and useful over a temperature range of
-80°P to +390°F.

This fabric construction showed a temperature rise on the
inside surface of less than 100°F after direct exposure to a
flame caused by mixing white fuming nitric acid and monoethyl-
aniline. Peak-flame temperatures averaging about 1600°F three
seconds after mixing the reactants were measured with thermo-
couples. The fabric was non-porous to 1000°F steam, and was
not penetrated by reastion produsts of the ethyl aniline-fuming
nitric acid combustion.

Polyethylene and polyethylene-Viastanex blonds were cured
with peroxide and were resistant tc iamperatures of 250°p.
They also showed improved resistanyy to penetration by white
fuming nitric acid.

PUBLICATION REVIEW
This report has been reviewed and is approvede.
FOR THE COMRANDER:

e
.7 "' Ne Re WHITMORE
e X ol Techniocal Director
s Materiuls Laboratory
Direotorete of Research
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INTRODUCTICN

The object of this contract was to develop a material
sultable for the fabrication of protective clothing for
personnel who might be exposed briefly to a chemical [lire
at temperatures up to 1000°F. The material was to be
resistant to white fuming nitrlic acid, moncethylaniline
and hydrazine (94 percent). It was to be flexible through-
out the temperature range of -67°F to 157°F.

In the hardling of the special fuels which are used in
guided missiles, personnel are liadle to be axposed to fuming
nitric acid and other oxidizing agenta. Under (ontract Ro.
AP 33(616)-155) The Comecticut Hard Rubber Company developed
a chemically resistant coated fabric sultadble for the fabri-
cation of protective clothing to be used under noimal temper-
ature soaditions. This clothing, howvever, would not protect
the wearer should fuels acoidentally ignite. On ths other
hand, there are a number of resoue suits presently in uas
which will withstand reasonadle exposure to 1000°P. Tuey,
however, are permeadble to fuming nitrlec acid and to the toxla
reaction products, such as the supsrheated vapors, found shen
rociket fuels are 1gnited. Also, these rescue sults ars gener-
ally quite heavy and aukvard, and vould dbe very uncomfortable
an protective clothing for daily work use,

At & meating held at wWright Alr Devel opment Center oh
June 2, 195,, it was decided thut the material developed under
this contract vould be used fn ths Cadrication of e light-
welght sacape sult rether than & rascue sit.

Although no great pressurs s exerted when rocket fucls
are ignited in an unconfined apace, an 1ndividual {n the
imediate ares would be spattersd with unrsactad Suming nitrio
acid or fusl. He would also e exposed to flames and temp-
eratures of sbout 1000°F. At this tempsrature, any atsocspherio
mhisture, reactants, &r resction products would be turned to
superiisdated veporas With these factors in mind, & febric wae
designed consisting of a thin layer of silicone rutber sponge
oti gless fabric coatad with a hest-reflective acid-pesletent
bDarrier as a protection agairat possidle oplnhlnf with ubite
fusing nitric acid {n deily uses A protective suit mde from
a fabric of this kind wculd bde relatively Light in veight,
flexible, and reasonadly coafcrtadble to the vearer.

A9 describsd in thie repori, a numder of sanples vere
i.  YooWotes vefor W0 refermcsis Bibdliogreply.

MADC TR 55-32, 1




prepared by varying the component layors. These samples and
various samples of commercial fabrics we : subjected to radi-
ant heat and superheated steam of 1000°: Acld-resistant
coating materials wers compared by the H-Cell permeability
t9ste The best construciions wera exposed to a flame produced
by mixing white fuming nitric acid with monoethylaniline, and
m:;‘xoat ponetration and effect on the fabric surface were

ny .
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ASSICEMEBNT

Gontract Ho. AF 33(618)-25yL, effactive 1 Jume 1954,
stipulates research and dovelopment of & ochmmloally realstant
fabrio uwhich will provida protsotion againat proxisity to
flsme at 1000%F.

Articles or Jervices

&+ Deveiop a fabdric or fabris combination capadle of
protecting & man splached with white fuming nitrioe ao0id and
consurrently exposed to 8 heat of 1900°P. Tho fabpis shall
alEo posuess chamice)l ~esistance to monoethylaniline end

hydrasine (34%).

Bo The fedeic or fadric oconmbination must have the
following terget properties

1. Suitadility for fabrication by knuow (schniques
of tho clothing industey

&« (ool seam offiolondsy and etability
3¢ Adeguate abrzsiocn- azd flex-resintance

ke 8hall not give off fumes wpon appliocation
of 1000°F heat, vhich would imjure perecanel

5+ Qood flezidility vhen teeted asdcording to
flexibility teat im UBAP Spscification MIX-P-
%1&3, exoeps high teaperaturs ghell de 157°P

b:n.a%a.’ot 1709 and the low tewpereturs shall

. Durrish 100 yards of fadric, not less than 36 inches
wide, o occapletion of contrast.

De Dresare and furnish 20 coples of cach of three
quarserly progrress roports, and 20 coples of a fimal cummary
report.

¥ADC TR 55-32 3




EXPERIMENTAL PART

Experiment .: Comparative Heat-Stability of Selected Silicone
Rubber Compounds

Object: To obtaln data on ths heat-stabiliity of various
silicore rubber compounds by aging cured slabs at 7CO°F.

Results: ASs a result of aging tests on seven silicone
rubber compounds, two were selected for the best retention
of elongation and tensile strength for extrems high-temp-
erature worke The two compounds, 207-5 and 217, survived
eight hours' aging at 700°F, the former showing slightly
better physical characteristics after aging. Samples of
Compound 207-5, after eight hours! aging, showed an averags
tensile strength of almost 600 psi with 25 percent elonge-
tion, while Compound 207-1, after only four hours' sging,
diaplayed a tenslle atrength of 490 psi and only 10 perocent
elongation. Samples of Compound 207-1 were toco bpittle to
bs tested afier eight hours of aging. Varlous blends of
Gompound 207-1 and Compound 207-5 were alac aged, improve-
msnt being noted &3 the percentage of Compound 207-5 in the
klend was incroased.

Procedure: Several 6 x 6 x 0«075 inch test slabs wers pre-
pared from each compound and wers subjected to & press cure
of lgominutes at 250°F, followed by an oven cure of 2y hours
&t 480°P. The samples were cut into 1 x é inch atrips uhich
wore aged in a cilroulating sair-oven at TOO°P. After the
aging, standard dumbbells wore die-cut from the strips, and
physical properties wore detsrmined.

Data; 8Sec Tabls 1

Discussion: It is felt that Compound 207-5 showed the aging
properties most desired for & high-tomperature-roesistant
sponge-fabric compound, where retention of softress &nd
elongation ars of prime importance.

Compound 208 was included here as a specific flame-
resistant compound.

WADC TR 55-324 L
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TiELE )

HIGH-TEMPERATURE {7CO°F) AGING OF SILICONE RUBBER,
SULTABLE FOR USE AS SPOKGE IN ACID- AND PLAMR-RESISTANT PABRICL

Compound Modulus Tensile, Elong., Hardneas,
NG, 1008 2008 Pel g & Duro.
207-1  Control? 380 625 625 200 75
L Hrs § 700°F 190 10 100«
8 Hrs . Too Brittls
§ Hes " Too Brittle
207-23  Control? 370 130 730 200 68
L Hes & 700°F 630 25 9%
8 Hre s Too Brittle
8 Hrs . Too Brittls
207-3%  Comtro1® WO 655 755 225 63
L Hrs @ 700°F L60 LO 68
8 Hre L 600 10 99
8 Hre . no 15 99
20745 Control 2 s 625 740 250 58
L Hrs @ 700°F LLo 50 80
BHrs * 655 25 ol
8 Hrs " 840 15 N
207-  Contrel ® 310 &S 910 300 55
L Hrs ® 700°F 585 Lo 8
8Hrs " 630 28 93
BHrs sLS 5 92
208 Control 2 515 75 58
4 Hrs @ 700°P 10 15 98
8Hrs % 575 10 100+
8 Hrs ® Too Brittlie 100+
217 Control 2 80 615 675 250 50
L. Hrs @ 700°F Lés 25 87
BHrs w 670 15 9%
BHrs @ 700 15 95
Notes:
1. Type "C* jaws used on Scott Tester with samples having less than 25 parcant
elongation; othervise standapd Z clamps used.
2. 411 samsples prese-cured 15 minutes at 250°P and oven=curad 2 hours st LBO*P bofore
aging.
3, Blsnd of 75 percent Compound 207=1, 25 percent Compound 207-5,
L., Blend of 50 percer’ Compound 207-1, 50 percent Compound 207-5,
S. Blend of 25 percent Compound 207-1, 75 percent Compound 207-5,

WADC TR $5-32L 5




Expsriment 2: Development of Sponge-Fabric

. Object: To devalop a sponge compound toc meet the specific

| reguirements for a high~temperature-resistant, insulating
sponge-fabric, l.e., minimum density, softness, flexibil-
ity, and stabliity at high temperature.

Resultas wWith the use of the soft, high-temperature-resist nt
compound selected from the previous experiment, Compound
207-5, a flexitle sponge-glass febric combination of very
low density was developed, suitable for continuous blowing
and curing in standard production equipment. The specific
gravity of the “o. 116 glass fabplc-sponge combination was
0s22 at & thickness of 3/16 inch, 0.26 at 1/8 inch, and 0435
at 1/16 inche The thickness after blowing and curing was
found to be quite reproducible {+ 5 percent, or l.ss » &nd
curves relating over-all final thilckmess and specific gravity
with over-all initial thickness were made (Pigures 1 and 2)
to facilitate production of spongs-fabeic of any desired
thicknezs and of minimum density. The selected silicone
rubber spongs compound was designated as Compound No. 233

Procedure; A& total of fifty-nine sponge-fabric samples were
fabrlcated by the following general procedure. The base
8ilicone rubber compound was prepared by blending the gum
and filler on & small laboratory rubber mill. To this were
edded varying amounts of blowing agent and curing catalyst.
#ive different W owing agonta and three different curing
catalysts, coverirg a wide range of activating temperaturs,
were tested over wiae variations in concert ration. The |
blowing agent and catalyst were carefully dblended into the
rubber stock on @ cold mill, and the stook wes refined to
produse wniform and reproducible biowinge The sponge
sompounds were then calondered onto Ho. 1156 glass fadrio
to the desired initial thiclmass. MHost of the samplee werse
blowm Lirom an initial total thickness of 0.035 inch; some
wore variod in inicial thiokness from 0.020 inch to 0.040
inchs A flat mstal clamp was attached to sach end of eaci
strip, and the strips were suspended in a eirculation-aip
oven to by blowm and cured. All samples were blowm and
cured within two houre alfter preparation of the compound
to minimize any degradation of blowing egent or catalyst.
The ovan dlowing temperature was varied over the range
300°=-480°P. ALi smaples were heated ai the bl owing tempor-
aggfo for 30 minutes, and were then cured for onme hour st
4o0°p.

Dutas 8e¢e Pigures 1 and 2

Discussions See¢ the main Discussion Seotion of this report.

WADC TR 55-324 6




COMPOUND Neo. 233

CALENDERED ON No.li6
GLASS FABRIC
BL.OWN AT 400° &

. BLOWSS 200D CURED THICKMNESS, MILS

P B

0

oW 20 30 40 30
OVERALL INITIAL THlCKNtSS. MiLS

FIG.t FINAL SPONGE - FABRIC THICKNESS
AND INITIAL THICKNESS
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Experimsent 3: Preparation of Sponge-Fabric in Laboratory Tower

QbjJect: To prepare sponge-fadbric in contlnuous lengths, using
& laboratory tower to blow and cure the sponge.

Results: Continuous lengths of glass fabric coated on one
side with a soft, low-density silicone rubber sponge were
fabricated with the use of a four-zons electrically heated
pllot-scale tower. Over-all blown thicknesses were varied
from 0.074 inch to 0.035 inch, with total welighta of 1.21
and 0.86 pound per square yard, respectively. The glass
fabric tape used was somewhat heaviser than the Ko. 116 glass
fabric used in the previous experimente The sponge, alone,
showed specific gravities of 0.29 and O.}y2, respectively.

Up to 25 parts of carbon tetrachloride added to small port!uns
of the compcund as a softener showed no detrimental effect

on the sponge product. Both the sponge compound and the
oontinuous method were considered quite satisfactory.

Procedure: Pigure 3 is a drawing of the laboratory vertical
tower into 4hich glass fabrliec tape was fad. The tape passed
through two calender rolls at the base of the towsr, then
passed up through the four electrically heated and individ-
ually controlled zones, sach being two feet in length, then
out of the top of the tower and to a take-up reel. The
take-up reel and the larger calenier roll were driven. Ths«
tape passed through the four zonea, a diatance aof sight
fest, at a rate of twelve inch per minute, rasulting ina
total hesting time of eight minutes.

The silicone rubber sponge compound, Ko. 233, developed
in the previous experi™ nt, was prepared on a laboratory
rubber mill just prior o use. The compound was removed
from the mill in a convenient thickness and was fed into
the tower calender rolls to coat the glaas fabrioc tape.

Up to 25 parts of carbon tetrachloride was added to amall
portions of the stock as s softener, reducing the calender
loed and streas on the tapo.

Datas Glass fabrio tape, two inchea by 0.005 inch, weighing
$+2 ounces per square yard, was used: The tape aspeed wea
maintained at twelve inches per minute. The optimum tower
temperature renged gradually I'rom about 3I50°F in the bottonm
zone to about [ 50°P in the top sone. Samples cut from the
tapes are described 48 Tadle 2,

WADC TR 55-32, 9
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TAELE &
SPONGE-TAPE DATA

Sampls Total Blown Welght Speciflic Gravity
Noo Thickness, Inch lbs/sq yd Total Sponge,Alone
112 0.074 1.21 035 329
109 04065 1.15 0.38 0.31
111 0057 1.03 0439 03l
110 0.03% 0.86 0.52 0eq2

Diascussions See the main Discussion Section of this report

WADC TR 55-324 11




Experiment 4t Dispersion of a Siliconse Sponga Compound
in Toluene and Carbon Tetrachloride

Object: To prepare soft paste-dispersions of a silicone
rubber sponge compound, using either toluene or carbon
totrachloride as a dispersant. Tc prepare sponge fabrics
and to determine the effect of thoss solvents on curing
and blowing, as compared ~ith results obtained with un-
dispersed compound (BExperiment 2).

Results: The silicone runber sponge compound can bs dispersed
in either of the above solvents. However, the specific
gravities of the sponge samples made by dispersion-ccating
were conilderably higher thun those obtained with undispersed
compound l.e., the abllity of the compound to 3spongswas
seriously decreased by the preseace of the solvents. Toluane
was found toc be more deleterious than carbon tetrachloride
(see Table 1),

Procedure: The sllicone rubber spongs compound, No. 233,
selectsd in Bxpsriment 2, was preparsd on a small, laboratory
rubber mill, and was then dispersed in tolusne or carbon
tetrachloride «#ith the use of a small Hobart electric mixer.
Disperaions with solid contents varying from 23 to 52 perocent
woras made in this manner. Disparsions having high solid
oontenta ware prapared on the mill. The dispersions wvere
epread on Wo. .16 gless cloth by means of Knowlton knife~
coater in the oase of the leas viscous mizturess. The stiffer
mixtures were applied by a thres-roll, laboratory calender,
a3 notsd in Table 3. After & drying period of one hour &
roon temperature, the samples wers susponded and ocured &in
an air-circulating oven Ior 30 minutez at 4C00°PF. The
specifiec gravity ard weight per squars yard of each sample
were then measured and recorded.

Data; Data may be found in Table 3.

wadC TR 55-324 12
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Experiment 5: Application of Acid-Resistant Coatings |

Object: To determina the best methods for applylng various
acid-resistant darrier materials onto the face of heat-
resistant fabricse (The question of adhsalon is covered in
Experiment 6).

Results: Several satisfactory coating techniques were devel-
oped, and samples were prepared for H-cell tests. Poly-
fluoron, Kel -P Elastomar, and a polysthylene-Viatanex blend
were used as acid-resistant coatings.

Procedurss

1. Spray Coating

a. Polyfluoron (polyohlerotrirluoroot!_glom1 |

Tuo 6 x 6 inch samples of Vacal-fadris (vacuum~
doposited aluminum on No. 116 glass fabric) were fastensd .
to &n al uminum sheot and stretohed tight. A Polyflucron
disperslon, diluted with Dispersant "A"™ tc about 20 pesrecat 1
solide, was sprayed on the Vacal-fabrio tc : wet thioknese '
of about 0.002 inch, and the samples ware imncdiately plaasd
in an oven at 480°P for 20 minutea. The ssuples were than
removed from the oven, and ome of them wes uenchod in uwater. :
This procedure was repeatad tuloe, the one asmple dDeing i
quenchad after fuaion of eaokh coating. A good film rssulted, i
approxisately two mile thick, but & bdrowniah sa'or was evidmat
in the coating. Several pairs of assmples wvere rud to cheok
thie phenocmencn, but the braun color persisted.

In order to eliminate this coloretion, the Vacai-fadrio
was protreated at 6C0*F for one hour o remove any wolattile
matericl. Whan the pretroated fadrie was apray-ccated in
the amrmer described above, & colerless, traneparcnt ccatiug
(0.002 inch) resulted. A drop of fuming nitric acld piased
on the rurface did not appeoar to penetrate or discolos the
aluminum bonsath.

The abovs Polyfluoron dfapersicn vas mcdificd dy the
eddition of 10 parts by welight of aiuminum powder psr ond
hundred parts of resin s0lids. Tuls matorisl waa SyPay~
cestad onto Mo. 116 giass fadria, fused, and quenched as
above. Two coats were followsd Ly one coat of vlear Poly-
fluoron to yield a finished coating, 0.002 inoh &n thi ckness.
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be Kel-PFP BElastomer

Two 6 x 6 inch samples of Vacal-fabric wers fastened to
an aluninum sheet and spray-cocated with a 5 parcent solution
of Kel-PF Elastomsr zum in & mixture of methyl isobutyl
ketone and tolusne (50350), to which had been added 3 parts
of benzoyl peroxide. Eight spray pssses wore appliloed, four
in each direction. The coating was drisd and then baked at
300°F for 30 minutes. Due to the fact that the Vacel-fabrioc
was not heat-treated, the brown color was agsin in evidence,
but ,otharwise { % coatiing appeared to be vsery goode On
rspeating the adove procedure using heat-treated Vacal ~-fabric,
colorless, transparent coatings, about 0.002 inch thick, were
obteined. A drcp of fuming nitric acld did not appear %o
penetrate the coating nor was the al uminws rensath discolorsd.

6+ Polysthylene-Vistanex (403160 blend)

Attempts were made to spray-coat Vacal-fabrio with a 5
percent solution of the polyethylens-Vistanex blend in
toluense @Good films were not ovtalned, dus to the viscosity
of the solution. Purther experimentation on this method
wes not considersd practical at that time.

Knife Coatl
s. Polyfluoron (polyohlorotriflucrcsthylens)

A holland cloth leader was stretched in the Knowlton
Coater, and two & x & inoh samples of heat-treited Vacal-
fabrioc wers tapod flat to its surface. The knife was
ad Justed to just sloer the samples, and the Polyfluoren
dispersion (41 percent solids) was placed o the leader.

The knife wis then smoothly drawn over the ssmples to give
an even coatings T™.¢ knife was resét, and & pass was sade
in the opposits dirsoction. Fusion wes accompliched by
baking at L60°P for 20 minutea. Samples were quenched after
fusfon. Thia proocluis resulted in a fused costing having
& thiokness of about 0.0005 inch. Tuwo more coats were
applied in the aame manner, & final coating having a thick-
neag of about 0.0015 inch being obtained. A smooth, even
coating resulted which vis aepparently impervious to fuming
niveic acid (drop teat). WNWo brown discoloration was svident
in any of the ssmples.

The above Polyfluoron dispersion (4i percent solids) was
modified by tho addition of 10 parts of aluminum powder per
one hundred parts of resin solids: This sixture was knife-
soated onto Wo. 116 glass fadric, fused, and quenched &»
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above. Two coats weras followed by one coat of clear Poly-
fluoron to result in a finished coating, 0002 inch in
thickness.

be Kel-~F Hlastomer

Twoc & x 6 inch semples of Vacsl-fabri~ were taped to the
leader, and coatings wers prepeared la the manner dsscribad
above, using & 10 percent solut!on of Xol«P Elsstomer gum,
to which 3 parts of benzoyl paraxide were added. The corting
wos asllowed to alr-dry to o tacky 2onsistency bsfore thee
sasmples were pleced in an oven at 3I00°P for 30 minutes. A
smooth, even ccating, about 0.0002% inch thick, resulted.

Two mors coatingas were applied in the same way, & final
coating having & thiskness of about 0.00125 inch bein
obtained. The coating was transparsnt and quite flexible.

Aluminus powder (10 parts per one hundred parts of
polymer) was added to the Kel-P Elestomer solution above.
This mixture was knife-coated onto ¥o. 116 glass fabdbrio in
the sanse mannsr as above, and was dried end csured. Two
coats weres followed bz one oloar soating to producs & fin-
ishad ceating, 0,002 ineh in thickness.

Knife-coatings were also made on No. 116 ?laas fabric
using Kel-P Elastomer compounded &s follows (dosignated
Compound Ko. 89 by the M. W. Kellogg Company and recommnended
for acld-resistance)s

Xel -F Elsstoner 100 parts
Zinc Oxide 0 "
Dyphos 10 *
Benzoyl Peroxide 3 "

This sompcund was prepared on & standard rubder mill
and was disporsed as 10 percent solids in & 50350 mixture
of methyl isobutyl ketons and tolusne. Threo coats were
applied, as above, to producc & finished coating, 0.002
inch in thicknesso.

os Polyethylems-Viatanex (40360 dblend)

Ho diffifoulty was encountered in the imife-coating of
the polyethylene-vistanex bland, provided the solution was
appriod hot (160-180°P). A 5 percent solution was used in
this experiment. The hot solution was poured ontc the
leader, and the Vecal-fabric semples werse knife-coated onse
in each direction. They wore then allowad to al:r Gry before
being finally dried ir an oven at 160°P for 15 minutes.
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Three coats were applied in this way, and an excsllent film,
l about 00002 inch thick, resulted. A drop of fuming nitric
acid did not appear to penstrate the filme.

The above solution of polyethylene-Vistanex was pigmented
with 10 parts of aluminum powder per one hundred perts of
polymer, and Mnite-coated onto No. 116 glass fabric. Two
coats were followsd by one clear coating to produce a fin-
ished coating, 0.002 inch in thickneas.

Discussion: See maln Discussion Section of this reporte.

i
‘
'
'
]
i
i
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Experiment 63 Adhesion of Sponge and Acid-Resistant Coating
to Glass Pabrie

ObjJest: To obtain satlsfactory adheslon of a Polyfl.oron
coating and a sillcone sponge rubber coating on opposite
sildes of glass fabrice.

Results: Satisfactory adhesion of both ths aluminum-pigmented
Polyfluoron coating and the ailicone rubber sponge c. glaas
fabric was obtained by an initial spray epplication of a
thin priming cocat of Polyfluoron to one side of the glass
fabric before calonderin% the silicone rubber compound on
the cpposite side. Application of the rubber compound as
the first step, followed by spraying or knifing the Poly-
fluoran on the opposite side of the fauric resulted in poor
adhesion of the Polyfluoron to the glass {and rubber) surface.
Completion of the Polyfluorcn coating (0.002 inch thick) on
one side of the giass fabric before spplication of the rubber
compound to the opposite side resulted in sufficient strike-
tirough of the plastic to cause poor adhesion of the rubber
coating to the fabric.

Stenderd glase fabrioc (as received) shicwad approximately
the same results as heat-treated glass fabric (organic
sizing removed).

Matorials: EKo. 116 glass fadric
{(2) AS received

(b)! Heet-tronted (heatsd at elevaved temp-
erature to burn-off the arganic sizing)

Polyfluoron dispersion, 10 parts al uminuar powder
per 100 parts resin aollds added, diluted to
so.poroont and 10 percent solids with Disparaant

A%,

Dispersant "A* (a chiorinated hydroocsarbon solvent)
8ilicone rubber sponge compound Ko. £33 (see
Experiment 2)

Proocedurss Polyfluoron dispersion (L0 psroent solide) wes
diluted to 20 soroont or 10 percent solids by the addition
of Dispersant "A", and was spplied as & thin lpt‘li coating
on glaas fabrice The fabric semples were placed 1n an oven
at 480°P for 20 minutes, then removed and quenched. Silicone
rubber sponge compound No. 23] was applied by means of a
threa-roll calender to the opposite side of the cloth. The
sponge-fabric was placed in an oven at 400°P®, for 30 minutes,
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to blow a&nd cure the sponge. ‘A8 indicated in Table 4, the
sponge compound was applied as the first coating on several
of the samples.) Two heavier spray coatings of Polyfluoron
were then applied to the fabric and fused, individually, to
result in & final coating thickness of 0.006 inch.

Strips, 8 inches by 1 inch, were cut from the fabric
gamples, and the Polyfluoron coating was pesled off at a
180° angle on & Scott Tester to determine the strength of
the bond between the Polyfluoron film and the giass fabric.

Data: See Table e
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No.
Glass

R+Re
HeTo»
AcRe
HeTo
AR
H.T'
‘.RO
H. T.
AR

HeTe

TABLE 4

ADHESION OF PCLYFLUORCN TO GLASS FABRIC

Order of Application of Costings

116
Fabrlc lat nd Ind
1 3
3 aox.rp Sponge 205." aot'mr
10‘ PF " " ®
w » [} [ 4
Disy. PO " .
] a ]
[ ] @
Spoego 105_?? . .
bt Di.go A . %
o ] o
A8 received ¥o. 116 glass fabdbrie

2.
3.

4

Heat-treated No. 116 glasu fabrie
Polyfluoron 41 spersion, to which 10

aluminum posder were added
Dispersant "A*
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parts

P¥ -Olaas
Aa. 0sion

_L*n__ 1b/in Width

1.50
1.50
1.25
1.00
1.00
0+50
0.25
0.75
0.10
0.10




Experiment 7: Peroxids Cure of Polyethylene and Polyethylene-
Viatansx Blends

Object: To determine the curing offect of dicumyl peroxide
in polyethylene end polyethylene-Vistanex blends, as evi-
densed by physical properties, sof tening point and elevated-
temperature relaxaticie.

Results: The addition of four parts, or more, of dicumyl
peroxide to polyethylene, followed by heating under pressure
at 325°P, sffected appreciable cross-linking of the polymer
chains, as evidenced by the loss of characteristio flow
properties of the polymsr at 250°F., ‘The addition of four
parts of the peroxide to an 80:20 blend of polyethylens:
Vistansx effected considereble improvexent in the physical
properties and agein prodused & cross-linked product which
d1d not flow under load at 250°P. In a 60140 blend of
Polyeihylone snd Vistanex it appeared that tho paroxide wma
effecting oross-linking only in the polyethylone. Wuhile
the blemd produced a cured material stable unier losd at
250°F, the Vistanex portion of the blend apparently was
soasuhat depolymerized resulting in a taocky surface, and
reGused tensile atrongth, elongation, and hardnecs.

The physiocal properties of polyethylens were varied
considerably bg the addition of cne to sight parts of
dicunyl peroxide (Figure L)+ One and two parts of the
ouring catalyet caused acme softening and a large inorsase
in ultimate alongation, togather with ¢ onsiderable increase
in temsile atrength. Xlongation and ten._le strength doth
reached a maximum with twc to thres parta of the catalyat
and fell off rapldly with afiz mnd elight parts to values
somevhat abovs those for the unostalysed ocntrole The
stress-strain ocurve (Pigure 5) sh comparat ively 1ittle
change {n shape, mainly extending {n length with the high~
al ongation compounds.

A high-temperature relazation test indioated bBest the
esffect of the peroxide cure of tho polyethylene (Pigure 6).
the ocontrol sample became & s0ft faiuld within a miaute
sfter balng pleded in an air-ciroulating oven at 25C3P.
One part of the peroxide deoreassd the flow slightly. The
polymer containing two parts of catalyet elongated alovly,
finally rupturing at an elongeilon of 67 percant after
thirtesn hours. Pour and six parts of catalyat effected
practically no elongaticn up to about tuaty bhours, when a
gradual inoréase coourred. The polyaer oontaining ol ght
parte of catalyst showed ne change in elongation after
tuenty-four hours at 250°P.




Softening points of the polyethylene compounds varied
little or none with varying amounts of catalyst (Figure 7).
This property, controlled mainly by the melting of the
crystallites, was apperently unaffected by the ours.

Resistance of the polymers to penetration by white fuming
nitric acid was increassd significantly by the peroxids cure
(Table 7 and Figure 8). The resistance of the polyethylsne-
Vistanex blends was considerably better than that of thae
polyethylene above, which agrees with resulta found sarlier
in this laboratory under another contract (1) »

Procedures Compounds comprising one hundrsd parts of poly-

ethylens (Alathon Ko« 1) and one to eight parts of dicumyl
peroxids were preparsd by mixing the softened pouiymer with
the peroxide on a standard laboratory rubber mill, the rolls
being maintained at & temperature of 180°P. The resulting
blends wers compression-molded into 6 x 6 x 0.063 inch
sheets in a hydraulic press at 325°P for thirty minutes
under 500 psi pressure, followed by an oven ocure of one hour
at 300°P. Blends of polyethylune with Vistanax B-80 were
px-ops.wod in a sinilar manner.

The physical properties were detormined on a Scott Tester,
usl ng me-quarter-inch dumbbell aamples cut from the molded
sheets.

Por the relaxation test, duplicate atrips, 2 3/4 x 1/2
inch, were cut from the molded shestsa, and two parallel
lines, one inch apart, were markel at the senter of each
strip. A olamp provided wi th rubber inserts was seoured
to each end of the stripe. suitable welght to provide
the desired loading {10 iba/sq in.) was attached to onhe
clamp on each strip, and the other clemp was used to auspend
the strips in an alr-olrculating oven at 250°P. After
remcval of the atrips from the oven, the olampe wers detaoched
and the strips were allowed to rest at roca teaperature for
cne hour, after which the tenalon se was xeasured and ex-
pressed as percentage of the maximum elongat ion which had
been reached at 250°P.

The softening points wvore measured by & procedure cloasely
upproximating ASTM~D-648-45T. Teat etwips, 2 3/y x 1/2 x
1/16 inch, were plaved on parallal supports, two inches apart.
A load of 21.5 grame was applied to the center of the etrips,
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miduay botween the parallel supports, twc inches apart. The
assemudbly was immersed in glycerine, and the temperature was
slowly raised to 180°F. The dending of the strip by the load,
iniicated by the downward deflection of the load, was noted
&8 the temperature waes increased.

The acid-penetracion tests were run in the H-Cell with
vihite fuming nitric scid (ase Sxperiment 10 for a description
of the H-cofl and procsdure)e. The polyethylens and polyethylene-
Vistanex blends were campression-molded into 6 x 6 x 0.010
inoh sheets, and prezs-cured ard oven-cured as described above
on the thiocker sheets. The 0.010 inoh sheots wers placed in
the H-Cell as 4l aphragms, as deascrided in Experiment 10.

Datas See Teblee 5, 6, and ° and Pgures 4 to 8.

Diacussioni See the main Discussicn Section of this repat.
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TABLE 5

PHYSICAL PROPERTIES OF POLYBTHYLENE COMPOUNDS

Press-Cured 30 Minutes at 325°F, Oven-Cured 1 Hour at 300°F

Elon- Hardness
Curinnggontl, Thickness, Modulus, psi Tensile, gation, Saoﬁe
Phr Inch 100% 200% 4oo% p3i . D

0 074 8310 --- --- 835 120 35
1 « 06y 730 770 %20 1220 540 30
2 +069 760 835 1090 1250 450 30
i . 066 800 875 1950 1550 400 32
6 077 720 =a=  ~-- 830 175 35
8 =062 690 950  --- 950 200 35
Notos:

1. Curing Agent = ulcumyl peroxide

2. thr  parts per hundred parts of resin
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TABLE 6
RELAXATION OF POLYETHYLENE COMPOUNDS AT 250°F‘1

Samplea Press-Cured 30 Minutes at 325°P, Oven-Cured 1 Hour at 3CQOF
Applied Load-10 Pounds per Square Inch

Curing Agenta, Elongation, %, After Tensioﬁ
Phr 3 Min S Min 40 Min 13 Ers 2, Hrs Set, %
] Completely =--- - -—— co- -—-
Deformad
1 -—- 250 Ruptured ——— .=- 6
(& 300%)
2 ——- 12 kY Ruptured  «-=-- 18
(@ 87%)
- 12 12 12 25 37
6 --e 6 $ 6 12 12
.- ) 6 6 6
Wotea:

1. Selscted data; occmpleZe data are indicated in Floures 4 to 7.

2. Curing Agant x dlousyl peroxide

}e  Parcent retained of the total dongstion, one hour after
relesase of load
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TARE 7

PROPERTILS OP POLYETHYLENE AFD POLYRTHYLENR-VISTANEX ELEXDS
Press~Cured 30 Minutes at 325°P, Ovon-Cured 1 Bour at 300°P
Em:‘l \le, gheien, Hardness R i §, Afterd A;“ i
cmontsion MR MR P pian Suguesoape’ o !
100 P 0 8ss 120 32 Completaly - 8
Defremid ,
. b 100 40 3 15 9 i
. 8 900 200 35 - 4 10 7
80 pE, 20 Vet O 865 550 30 Completely  ~- 35
Deforand
. * WS (¥4 - 18 68 .
. * 8 1210 400 T .- 12 56 '
60 13, 40 Vviat O 630 400 22 cmoiy . a ‘
,
. .« 450 28 17 - » " '
. . 8 %o 300 17 - 12 Y '
Botess

VEeE 1. Curing dgmt * Sloumyl reroxide
2« Luspemy ut 250°P under epplled load of 10 pal for
. the perict tndicated.
}. E~Call panstration, white fuming nitrie aoid, hours to
piesags of 2.5 gremo of acid par squue sster of
axpcaed ameao
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ELONGATION, %

FIG.5 EFFECY OF CATALYST ON
STRESS-STRAIN CURVE
FOR POLYETHYLENE
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Exeriment 8: Globar Insulation Tests

Objects The purpose of this expsrirsnt was (1) to determine
the inaulation propertiesa of varicus fabrios when insztan-
taneously exposed to radliant heat st 1000°%, the temperature
on th. back of the fabrisc being d-luormined after exposurs
for 10 seconds, and (2) to determins the maximum temperature
reached on the back of the fabric and ths time taken to
resch thie temperature.

Results: The presence of & highly reflective al uminum surface
wWas found to be the most important feature for protection
against radiant heat (Pigure 15)¢ An ¢luminum foil surface
(Rayfoil) was somewhat superior to a vaecuum deposited
aluminum surface (samples 162-165) which, howover, was an
exaelleont heat reflector.

The outstanding samples in the group were those consistirg
of silicons rubber spongs 0.100 inoh or greater in thickness
with a vacuum deposited saluminum reflective surface (samples
171, 172, and 173). These showed only a 25°P riase¢ in temp-
erature on the side opposite to that exposed to 1000°P
radiant heat for 10 seconds.

The application of & thin (0.002 inch) polymeric coating
o the face of the reflective aluminum surface (semples 174,
176, 178 snd 179) reduced the reflection of heat considerably.
The aluminum-pigeented polymeric soatings (samples 177 and
181) absorbed more heat than the polymer-costod al uminum
surfaces, but vere still more reflsotive than uncoated glass
{ziu)'ic surfaces (samples 166 and 167; also compare 180 and

L

Naterials: The fabriocs used vere as fcllows (thicknesses
and weights shown in Tablie 8). They wore prepared as
indicated in Experiments 5 and 61
161. Asbestos febric, Johns-Manville No. WE-S5011

162. l}a rgil, 0+001 inch slweinum foll aedhered to glass
a Qe

163. Vasouum-deposited sluminum on Ko. 116 glase fabris
(denoted “veoal® below, and in Table &8).

164 Vacuum~deposiied aluminum on & lightweight asbestos~
gisss=-cotton fabrid, plain weave.

165. Vacuum~Cedosited aluminuzs on & heavier asbestos
tabric, herringbone weave.
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Glass fabric (No. 116), with a silicone sponge backing
{Compound WNo. 233, Experiment 2), thiokness 0.032 inch.

Same as #1656, except thickness 0.063 inch.

Pabric #163 (vacal) with a silicone spongs backing
(compound No. 233, Experiment 2), thickness 0.018
inok.,

169A, 169B. Same as #168A, slight differences in
thickness and weight {Table 8).

Same as #168a, except thiockness 0.057 inch.

Same as #1684, excapt thickness 0-.099 inch.

Sanme as #1684, except thickness 0.100 inche

Sazme as #1684, exzcept thidiness 0.261 inch.

Sams a8 #1684, except a coating of olear Polyfluoron
é?ﬁaigﬁx) on the sluminum face, and overall thickness
Sszme a5 #1744, except overall thiockness 0.056 inch.
Sams 55 $1664, except a coating of clear Kel-P

slastomer gum (0.002 inch) on the aluminum face,
and overall thiokness O.045 fnch.

Sams €3 ﬁéﬁgocxoopt a coating of clear ocured

polyetaylens {0002 inch) on the aluminum face,
«nd overall thiokmess 0.052 insh.

Sexe a3 $166, exoept = coating of aluminum pigmented
polyfiuvoron (0002 inch) m the glaas fabrioc faue,
and overail thickness 0.040 inch.

Some a8 $166, exoent & coating of aluminum pigmented
sursd polyetitylene {0:002 inoh) on the glass {abric
frse, and overall thickness 0.0G/) inch.

Same a9 P16, exoepi & costing of alusinum pigmented
poiyfiuoron (0.040 inch) on one side.

Sums o8 Plbly, exoopt & coating of clear Polyfluoren
{0002 insh} ce the aluminum lace.

8ans a9 $165, except a coating of olear Polyfiucron
{0002 luch) on the alwaiaum faoe.
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Procedure: A Globar heater (Pigure 9 amd 10) was epared,
similar to one described in Specification MIL-c-82,0 (USAF).
The base of the hesater was of Transite and Marinite, upon
whioch was mounted a vertical frame of Transite, 1y x 16
inches with a 6 x 8§ inch opening in it, and the opening
fitted with a 3liding gete. At a distance of 3.4 inches
from the aperture was mounted & vertiecal Globar, partially
surrcunded by an aluminum reflsctor whose horizongal orosa 2
section formed half of an ellipse of formula (3x)€ ¢ (4.5¥)%.
The upper part of the heater was covered by a hood made of
thin aluminum, in order tc minimise chimney eoffects. The
fabric sample was attached across the 6 x 8 inch opening of
a box of inside dimensions 6 £ 8 x 6 inchea. Inaide the
box, and touching the back (ncn-refleotive aside) of the
fabric were five fine-wire (Nc. 3C iron-constantan) thermo-
ocouples connected in parellel and to a pyroaster. On the
Globar side of the gate in the vertical Transite freme, &
heavier thermocouple {No. 2y iron-constantan) wes mounted
ons~quarter inch in front of the gate.

In operation, the fabric sample was attached soross the
opening of the box amd the box and sampls he d apart from
the Transite frame and (lobar. The Globar was heated
(about 80 volta and 20-23 anperes, yielding sppproximately
2600°F st the GClobar surface) and the voluia cedjusted to
show 1000°P on the thermoooupls mounted in froens of the
gate. The sample (attached to the box) was thon presasd
msanually agains¢ the opening in the Treamite freme, end the
gate openide fThe temparaturs on tha cold slde was noted
after 10 seconds, at which time the box and sampis were
removed from the frame, ani the gate closed. The maximum
tezperaturd reached cn the bask of ths asmple was reecrded
and the total time required to reach that tesporeture wae
noted.

patas The data for the various fadrics in this test are
presented with the L0G0%P stean test date in Tabie 8. _
The Gl.er date sre shoun graphieally in Pigures 11 to 15
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Experimant 93 1000°F Steam Insulation Tests

Object: The purposs of this experiment was (1) to determine
( the insulation propertiss of various fabrics whsn instan-
taneously exposed to superheated steam at 1000°F, the
temperature on the back of the fabric bsing dstermined aftsr
exposure for 10 geconmds; (2) to determine the maximum temp-
erature reachad on the back of the fabric and the time
taken to reach this tamperature; ami (3) tc determine the
amount of superheated steam which passed through the fabrie,
recordad as grams of water per aguare meter of fabric.

Resultss The daiva indicate that the best insulating material
against contaci with 1000°F steam wa2 & thick nan-porous
material havi iow heat conductivitye The prassince of a
highly reflectivy surface was of lezs importance than the
thickness, bnt the efrect of the reflective surface wes
quits noticesble (Pigare 22).

All of the ordinary fLabrlo samplea without a allicone
rubber aponge bamﬂn%, axcapt "Rayfoll™ (0.001 inch sl uminum
foil on glass fabrici. allcowed passags of & signiilcant
amount of water vapore Only the thinneat sponge-fabria
samples (0.020 inch) allowsd passage of a .easurable anount
of water vapor, and these allowed only 2.0 grame per squars
moter of sxposed araa. Tho water vepor trensmission of the
*vacel® (vacuum-deposited aluminum on No. 116 glass fabdric)
was elso lows

The cutstanding smmples of the group were the 3hick
sponge- fabrics {0.10 and 0.26 ingh, weighing only 1.5 and
3.1 pounds per asquere yard, respsatively) which sioaed
maxirum temperature rises on the back side of only 959 and
S0°¢ after tan ssoonds' exposure to 1000°P 8 teaum.

Naterials; See the liat of fabrics described under Experimant
8. The same fabriocs were tested in this axperiment (Tidle §).

Proceduras Pigure 16 12 s detalled drawing of the equipmant
ussd in thls experiment. Basically, the aquipient i3 beat
describad aa having two major compomenta. The first con-
siated of a low-iressure stosam gerorator, & heal exchanger
ani a flanged ball. A gate immedictely in the “Jar of the
flange allowed the entire vell chazdber to be preheatesd to
1CC0°F by muperheatsd stowme & wire-streen diffuser wias
fntroduced in tha rath of the steam at the entrance to the
bell to prevent a lot eilect: The second cosponart cesiated
of & drying trsin for the eir-intake and an absorption train
for tha molsture determination, bath connectsd to & sscond
flanged bell. The oven-dried ssmple was held tightly sgainast

WADC TR 55-32&, ue
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this flange by means of @ {let steel ring with four lug bolts.
Securely cemented to both sides of this ring and &lsc tc the
faos side of the bell flange uere silicone sponges rubber
gaskets to inaure an air-tight seal. The diameter of the
exposed sample was 2 5/8 inches.

In oparation the agpirator ums turned on, erd two ulank
detoinations were run on the ssmple to insurs against amy
%0 ature which might have entered the bell while the sample
wad being installed. It should be noted here that the bell
and ssmple were not in contact with the other bell &uring
the blank determinations, but were hanglng downward and
resting on a perforated support.e Heanmwnile, tho steam temp-
erature was ralsed to 1000°F, and the steocm bDell chamber was
allowed to come to equilibrium.

The sample (mounted in its bell) was then preszed manuslly
ageinst the other dell and the gate was ¢pensd. The teaperaturs
on the ocold side wes noted afisr 10 geoconrds; at which time
the bell wes removed from the steam sourse. The eximum
temperature chtained on the back of the sampls was recorjed
and cthe total time required %o reech this temparature was
uotede A single Fo. gl; iron-constantan thermooouple Somisvied
%o a pyrometer was used to indicate the tomperatyrs in the
stear bell ahambar; and thres Noe 30 iron-comstantsn thermo-
couples oconnected in parsllel and to e potentioneter were
used to indloate the sverage temperaturse on the cold side
of the {abrice Figure 17 shows photoggaphm 6f the apperatue.
The aspirator vas run for & total of minutes to insure
the aboorption of all moisture whish might have penstraced
the fabric. A value of 2.5 goams per 2quare meter of fabris
vagp sslsoted £ being the maximum aliowadle penstration of
supsr-heated vapor {(ses Disoussion Sestion).

Data; Se¢ Teble 8 and Pigures 18 to 22,
Disowssicny Por protective olothing use, a vaiue of 2.5

graxe of fuming nitris acld per square meter of fadbrisc

wao 88leoted in an earlier inveztigatice (1) by this
company &2 being the maximus “llowable penetratione 3In
the present [woject, 1t wes asyuued that ahauld ignitiom
take plece the superheated vapors could ocontaln &n appre-
oiable amownt of this acide Comsequently, the ateam terts
4o porformed vwith the assumption that all of the vepor
could bde fuwming nitric acld, and on this basis the above
r;sun vaé sal ¢ated as the saximun ellowablo penstration

02 stoame
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Bxperiment 103 E-Cell Acid-Penetration Tasts

Object: To compare the acid-resistance of various types of
polymer coatings spplied on glass fabric {(see Bxpsriment S5).
Three aclid-resistant coating materials, Polyfluoron (poly-
chlorotrifiuorcethylens), polyethylene-Vistanex, and Kel -P
Elastomer, and two general coating methods (knife and spreay)
were compared by means of H-Cell acid-penetration tests.

Rosults: Of the three materials testsd, Polyfluoron showed
conslderably better resistance to penetration by white fuming
nitric aold than the others. A thin knife-coating (0.0015
inch) on aluminized glas2 fabric allowed passage of 2.5 grams
of nitric acid per square meter of exposed area after 27
hours of exposurs (Pigure 25). After thia lensth of time,
the thin vacyur-depoaited aluminum ocoating was deatroyed
only in very small spots where apparently a few pinholes
were present in the thin, transparent, acld-realstant coating.
About 95 percent of the aluminum coating was unharnsed.

The thin polyethylane-vistanex knife-coating (0.002 inch)
on aluninized glass fabric showed good reslatance to pene-
tration, absut 12 hours being required for the pasaage of
2.5 grams of nitric acid per square meter. The thin Kel-P
Biastomar knife-coating (0.0013), alao on sluminized class
fabrioysahowed thas lesst resistance to penetration. Aalso,
in the ¢use of both the polyethylens-Vistanex and ths Kel.P
Elastomer coatinga, there apparently was litcle adhesiam
of the polymer coating to the thin aluminum layer, and in
sanples of each the polymer occating separated out from the
fabric in a large blister, resuliing in oomplete destruction
of the sluminum reflective layer.

Reaults obtained with spray-oocated Polyflucron and Kel-PF
EBlastoxmer on aluminized glaids fabrio vere almost ildenticel
with those shown in Plgure 25 (average 3) hours for Poly-
fluoraon, 2 hours or less for Kel-F Elastomer). It was not
practical to apply the polyethylens-Viatanax blend by solu-
tion soraying {(Experiment 5).

A 3eaond series of ssmples wia prepared by applying
slualnurs-pignented polymer cocatings on plain glass fabric.
Initial coating of pigrented Polyfluocrcn atplied by spraying
on the plain glass showed the presence of pip-holes: I%
was found, however, that & thin spray coating (see Experimsnt
6) folloved by two imife-coatings (final coating thickness
0008 .noch) eithatood 165 to 200 hours' exposure in the H-Cell
befors passaga of 2.5 arams Jf rictric acld per square meter
of exposed ares (Pigure 26).

wiD> TR 5:- Jew




Samples prepared by knife-coating polyethylene-Vistanex
and Kel-F Elastomer, (0.002 inch in thicknaess) pigmented
snd unpigmented, on plain glass showed the presence of pin-
holes in H-Cell tests, failing in all csses in two houra
or less.

Materials: (See Experiment S for compounding and application
detulls on the polymer coatings.) Plgure 25: Polymer
coatings (0.0015-0.002 inch in thickness) knife-coated over
vacuum-deposited aluminum on Woe. 116 glass fabrics

Polyfluoron
Polysthylens-Vistansx (40360 blerd)
Kel«F Elastomer {clear, uncompounded gum)

Pigure 263 Aluminua-pigmented folyfluoron coating {0.002
inah in thickness) knife-ovated on Wo. 116 glasa fabrio.

frocsdure; Duplicate portions of the coated febrio aamples
described above uere mounted as dlaphragma in H-shaped
cells, which are divided into two ssctions at the oenter
of the H (see Plgure 23). Iristilled water was placed in
one slds of thas ocell, and white fuming nitric acid {n the
other. The pH of the water was measured at Iintervals, and
the permeablility was calculated from the dlmersaicns of the
cell. Pigure 24 is & callbration curve relating the messured
pH to the permeabillty in grams per square mster f{or white
funing nitric acld through &4 test membrens.

In opoeration, the sample was clamped betwesn the two
sactions of the cell with & ball and socket clamp, & butyl
rubber gasket beiny used on the water side. (ne hundred
millilitera of distilled water werd pipetted into the dla-
tilled water oup, and an initial pd reading wes taken by
means of a Beokman pH meter. Puming nitrio scid was then
poured intc the groumnd-glaas stoppured tube, and the pH of
the water was measured periodically until the pH fell
below )7, whioch is eguivalent to u penotration of 2.5
grams of nitric scid par square mater of oxposed ares.
Ponetration veraus time was plotted to indlcats the rate
and the time of fallure.

pDatai 3e¢e Plgurec 25 and 26.

Discusstian: The test deacribed above for determining the
permeabllity of varlous materials to white funing nitric
agid was develcpad by the Haval Alr Roocket Test Station.
The mathod has been deacribed as the H~Jell Tert in reparts
covering previous contract work in this laboratory.
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Experiment 11:; Monoethylaniline-white Pumning Wi¢ric Acia
Flame Tests

l Object: To dotermime the insulation properties of various
fabrics when exposed tc a brief flame caused by mixing
monoethylaniline with white fuming nitric acid, and to
determine the propartiss of such a {lems.

Rozsulte: The flams ceused by open mixing of small amounts
of white fuming nitric ecid and moncethylaniline produced
temperatures above 160C°P (indicated by a Ko. 30 themo-
couple wire}, but it was of camperatively short duration,
with the peak tsmperaturs indicated after about 3 sscondse.
The flame wes smoky, and yellow in color. Pabrics placed
in such a way that one facs was exposad directly to the
flams indiocated tempersturss on the opposite slde of the
fabrics ranging {rom 150°F to 380°P.

The results obtained on ths differsnt fabrics can be
used only for approximate compariscons &s there were
apparent varlations in intensity and effsct of the flames
in the different tests (see Discussion at the end of thia
Experiment). It was also apparent, however, that the
flemes showed & heating effect quite similer to that of the
Clobar Radiant Heat Test (Experiment 3). Most of the haat
absorbed by the teat fabric in the flame and steam tests
UMy . ouvwived by conduction fraa the hot reaction-product
vapor rather than by radiation.

The thicker sponge samples showed ths best results
since they slowsd down the conduction. The thin Rayfoil
with 8 highly reflsctive surfece, abrorbad and transmitted
heat rapidly. Vacuum-deposited alwminum surfsces waere
appersntly no better than sluminum-pigmanted polymer sur=-
fuces. Thase dsta high light the importance of the sponge
and minimize the ilmportance of the radistion coating.

Materials: PFar-ic snmples No. 174B, 175, 176 and 177 were
described under Bxperiment 8. The remainder are desoribed
belows

203. Sams s# §162, except a coating of elear Polyfluoron
{(0.002 inch) on the aluminum face.

204 Seme as #174B (and #LTUA), except overall thickness
00075 inche

205. Seme as #177, oxoept overall thickness 0.070 insk.
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Same a3 #1666, except a coating of aluminum-plgmented
polyethylene~Vistanex blend (80:20} (0+002 inch) on
the fabric face, and overall thickness 0.070 inch.

207« Same as #206, except overall thickness 0.038 imche.

Procedure: Two aluminum contalners were cornnected by hinges
30 that by pulling a wire the contents of ine uppep contalner
could be thrown quickly into the lower contairer. A Transite
toard shield with & 6 x 8 inch rectangular hole in the center
was placed beside thess containers. The fabric sample was
attached across the 6 x 8 opering of a box of inside dimensions
6 x 8 x 6 inches (the same used in the Globar test, Exper-
iment 8), W4ith five thermocouples, inslde the box, touching
the fabric surface {back). The box was attachsd to the back
of the Transite shield so that the reflective fabric face
was exposed, through the é x 8 inch hole, to the flame (aes
Plgure 27). A& No. 30 !ron-constantan themriocouple was placed
cn the flame slde of the Transite shield, about one-quarter
inch in front of the fabric samplee.

White fuming nitric acid {600 cc} waa placed in the
lcwer contsiner and moncethylaniline (200 cc) was placed
ir the unnen contalnere These were mixed by thro«ing the
gmall upper container partly over the lower sontalinere.
Peak temperatures on the front ard on the back of the fabric
sample, and the times rzquired to indicate the pesk temp-
aratures, were recordeds

Datay Ses Table 9. All of the samples tested had acld-re-
sistant coatings on tha face. WNone of the samples appesared
sariously harmed, although they were covered with the reaction
mizture and streaked with carbon. None burned.

Discussion: %The two sets of data in Tabls 9 were obtained
fpom tests run on dl fferent days, and wind conditions
crused cansiderabls di fference in the heating effect on
the fabrics.
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TABLE 9
WHITE FUMING NITRIC ACID-MOROETHYL.ANILINE FLAME TESTS

Hax. Tomp. Front Max. Tempe Back

Sample
RO. Daacripticn Temp. ,°F Time,S8ece Temp«°F Time, Sec.
1748  P.F.-Yacal-Sponge (.056%) 1400 3 148 6Q
175 Ke%-?.g;;Vacal-Spongs 1600 3 190 30
04
177 Ale pég.'P-P-«Glaas-Spongo 1350 18 168 50
203 PoCoPe=-Rayfoll (+010%) 1200 3 380 32
20l P.CeFe=Vacal=8pongs (.075") 1650 3 22% 27
205 il Pigt PeCePo=Glaas- l350 2 198 25
Sponge (.070%)
206  Ale pige PeEo=Vist.~Glass- 1650 3 177 25
Sponge {.070%)
207 Ale plge PeBo-~Vist.~-Glass- 1300 4 N0 23

sSpongs (+038%)
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LITERATURE AND INDUSTRIAL SURVEY

The problem of protective clothing which exists in
sonnestion with rooket propulsion work has been di scussed
briefly earlier in this reporte

In any opsration with hasgardous chemicals, with even
the best equipment dosign and operation, there may be
leakage or the necessity for open handiing of dangerous
mterialse In oxperimental work with rockets and guided
misslles, it i{a expected that & certain smount of spleshing
of materials such as white fuming nitric acid will ocour.
The protective olothing in present use, utilizing & vinyl
chloride acid-resistant coating, provides at beat minimum
protection ageinat such chemical splashing. Under & previous
contract, AP 33{616)-155, The Conneoticut Hard Rubber Company
devoloped a chemlcally resistant, coated fabric with a
polyethylane-Viatanex costing swhich provides far greater
protestion against aspleshing of oxidaents such as white fuming
nitric acid (1)

&nother asarious hazard has been recognised, however,
in the leakege of oxidants and fumes during the charging of
a missiles This hazard 1z ond of an accidental mixture of
spilled oxidant with spilled fuel such as moncethyleniline
or hydragzines Sush a mixture would cause an immediate
combustion, spattering the reacting matsrials and products
mae oxpoou’ asardy peraomel to flene end teaperatures of
the order of 1000°P. Against such heat, the vinyl chloride
or the polyethylene-vVistanex fabric wouid provide virtually
no proteotion. The objeot of this contract was to
produce a fabric whioh would provide personnel with teaporery
protection in the event of such an accident.

In any considerstion of protective ol othing, two points
are believed to De asasntial; 1) the garment must aff.=d
adsguete protection against the haserd involved, and 2) it
must not interfere with the worker's movements, thus inducing
A secondary hasard {(2) In the combustion of corrosive and
polsoncus materialp, one must provide respiretory protection,
flams protection for the entire daly, and splash proitevilon
for the entire body. 8uch a condition would indiocate a
complete suit of impervicus fabris, acid-reaistant and insue-
1ated for brief exposure to 1000°P, and fitted for respiration
and ventilation, The mupply of aipr to the sult Tor ventila-
tiocn would not only provide the required cooling, but would
al30 provide & positive prossure in the auit to minimize the
possibility of oorrceive materiacls entering the suit in the
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event of an explosion. Although thls describes an ideal sult,
it is probable that compromises will be made in some of these
features for the sake of comfort arnd working efficlency for
the w irers

Respiratory protection here would requirs a complete
alr~-supply suit. The alr supplied in this cass would serve
three purposes -- breathing, ventilation, and a small positive
pressure inside the sult to minimize the possibllity of entry
of toxzlc vapors. It would sppear that the air in this case
should be supplied by a minimum one-inch-diameter hose of a
maximum 150-foot length, connected to a hand- or motor-driven
blower located a sufficient distance from the danger area (3).
The supply hoses would als¢ have to be protected with a flame-
and aclid-resistant coverings

The hcod of the protective suilt should be supplied with
a shatterproof heat-resistant glass window, probably of Pyrex.
The glass window could be backed by & plastic window, 1if
necsssary, with an air space between the two. Also, if 1t 1is
felt necessary, a lizht deposit of aluminum could be placed
on the outer surface of the glass window, which would serve to
roflect heat in the event of immition. The aluminum coating
would reduce the transmission of visible lizht and therefare
may be undesirable.

The remalning two features, those of heat- and flame~
protection and chemical-splash protection, were the subject
of ths present contract and have besn investigated extensively.

Por heat- and flame-protection, the general types of
materials to be considered ares 1) asbestos fabrics,
2) glass fabrics, 3) rock wool fibers and fabriocs, and )
rubbers and plastics. fThe i, th heat~ and flame-resistant
material, chrome-tanned leather, will not be considered
further, 2ince {t is not believed to be adaptables to acid
protection or general production techniques required here.

Asbestos fabrios are genserally suppllied in harringbone
weave or basket weave with an asbesatos content renging from
95 percent down. The fabriocs generally have five psrcent or
more of cotton mixed in the rovings Mor flame- and heat=-
rosistant clothing, an asbeatos cloth should contain a maxi-
sut of sixteen to ol ghteen percent of cotton, «“ith the re-
mainder asbestos or esbestcs and glass (4), (5) The resise-
tance of the asbestos fabrios to radisnt heat may be greatly
improved by the addicion of & coating of aluminum to one
side of the febrice This aluminum coating may be convenlently
added by vaouum deposition, foil lamination, or by the use
of a highly reflective heat-resistant paint. Zamples of
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vacuum~aiuminized asoestos snhowslig outstanaine Clexibliity und
reflectivity nave been supplled oy tne Mluresota Minineg &
Manufactiuria: Jompany. Varlous artic.e:s of -~io-ning fabrlicated
from asbestos fabrics or aluminliced asbestos fabrics are availi-
udle. These incluae rloves, aprers, coats, b.cts, lezcings,
hoods, covera. 8 and complete suits. A numoer of sach ftems,
Including a thick insulated fire rescue =uilt utilizing the
Minnesota Miring & Manufacturing Company alurinun-coated
asocestos fabric, are offered vty the Industrial Safety Speclal-
ties Compary, Perkasle, Penruylvania.

Glass fabrlcs are avaliaole in a ~1de variety of con-
structions and welghtss These fabrlcs are strong, relatively
heat-reslstant, and offer the further asdvantage of a high
degree of cnemical resistance. While the heat-resistance of
unprotected glass fabrlc 1s considerably less than that of
asbestos fabric, the addition of an aluminum coating to the
glass fabric has been found to increasse greatly the heat-
and flame-resistance, especially for short-term exposures.

The uss of rock wool Tibers in clothing 1s gensrally
limited to thick insulated ault constructions where the
fibsr batting {5 contained inside fabwic walls. A Tharmo-
flex heat-resistant blanket conatruc:- .an 13 offered by
Johns-Manvililee This consists norma..l v of a refractory
fiber fliler contained in a stalinle tesl mesh. Such
a construction would bs porous and relatively stiff and
heavy for clothirg use. Several nonwoven ceramic or
mineral fuurics are aulso avallablee These materials, in
zeneral, have lower strength then woven fabrics and are
less flexibles Thoy are generally used a:c insulation or
as {ilter materials.

The best rubbers and plastics have considerably lower
heat-resistance than the materials desocri{bed above, with
maximum usable temperatures on the order of L509-HLU0°F.
The silicone rubbers are well known for thelr hish-tempera-
ture resistance and are useful up to 550°P, and somswhat
higher for short-term exposure. The {luoro-elastomers are
in an early stage of development and show considarunble
promise of heat-resiitance. Kel-P Rlastomsr {a presautly
useful to about ;,50°F and will withstand exposure to
considerably higher temperatures for short periods of time
{6)« The fluoroplastics such as polytetrafluorcethylons
{Teflon) a.d polymoncchlorotrifluorosthylune (Kel-P,
Pluorothens, Polyfluoron) are considered heat-resistant se
well as chemically resistant (7), (8), (9), (10)+ Teflon
13 resistant to tempsratures as high as 600°P, while the
maximum tamperature for Kel-P is somewhat under yOO0°F. A
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material whioh has shown a fair degree of heat-resistance

and chemical-resistance 1is the Hercules polymer, RD-115 (1l1l).
This material, however, is useful only to temperatures some-
what above 350°F. Of the rubbers and plastica mentioned
here, only the {luoroplastics of the Teflon and Kel-F type
are considered nonflammeblee Kach of the others can be made
flame-rasistant and self-extinguishing.

The sub ject of chemical ~splash protection has been
reviewed in some detail under a previous contract (AF 33(616)-
155)« The result of this contract was the development of a
fabric coated with a polyethylens-Vistanex blend. A hlend
of 60 parts Vistenex B-80 and 40 parts polyethylene showsd
excellent rsiistance to white fuming aold, as well as desirable
flexibility and adaptability to standard fabrication techniquea.

Butyl rubber, by virtue of its liow unsaturation, showed
better resistance to white fuming nitric acid then any of the
other hydroocarbmn rubbers. Its presistance, compared with that
of the polyethylene-~Vistanex blend or Kal-P, was, howavor,
relativaly poor. %The commerclally avallablae fluoroplastios,
polymonoshlorotrifluorocethylone and polytetrafluorostiiylens,
shoWed excellent resistance to attack of «hite fuming nitric
ecid end other oxidants. Polytetrafluorcethylane, however,
doss not fuse in fabricazion in the same way aa other themo-
plastic materials, and, as & result, thin filme of this
material arec somewhat porouss The nmoncchlorotrifluorocethylsae
polymera such as Kel-PF and Fluorcthene fuse readily te form
highly impervious films. In previous work in this laboretory,
diffioulty has besn encountered in produsing a satisfactary,
flexible and impermeable coated fabric with the Kal-P-type
polymera. & new procdssing technique has bscomd availabdle,
however, whioch has changed this situsation.

Bxon 400 XR-61 (formerly Veloform P-10) (12), & ocopolymer
of a fluoroocarbton monowmer and vinyl chlaoride, showed moderste
resistance to white fuming nitric acide Its reclstance to
acid-penetration, however, wae about ons-fourth that of the
polyethylena~Vistanex tlend (1) Tvwo more commerolally aveil-
able polron-s have what 18 considered gocd chemical-resistanco.
These polymers are polyvinylidene chloride and polyvinyl
chloride. Hercules RD~115, mentioned above, it scmewhat
bstter. The resistance of sach of these matarials to wvhalts
fuming nitric easid, howsver, i{s rather poor (1), (1l).

One of thy target requirements for the fabric developed
under the present contract was that i1t skould not gl ve off
fumes upon applicstion of 10CG0*F heat, which would injure
personnel+ This requirement was of partioular interest in
ocnsldering & materiul such as Kel-F or Teflon a8 an soid-

WADC TR 55-324 66




rezistant barrier on the fabrics. A gquick meview was made of
the toxicity of the various materials involved here. For the
presant purpose, it can be assumed that nitric acld inan open
reaction with a materlal such as monoethylaniline ar hydrazine
will be reduced to nitric oxide, with the formation of nitrogen
dioxide from possible thermal decomposition of nitrio acla or
from cxidation of the nitric oxide. Thus it would be reason-
able to essume that the reaction mixture would contein super-
heated varors of nitric acld, nitrogen dioxide, nitric oxide,
some water, hydrazine or monosthylaniline, and their reactiom
products. The mo3st troudblesome portion of the fabric with
respect to the possible evolution of toxic fumes upon appli-
cation of l000°F heat would be the acid-reszistant ccating on
the sxposed side of the fabric. All of tha materials listad
above as potential chemically resistant coating materials,
with the poasible exception of polyethylene-Vistanex and butyl
rubber, could give rise to toxic decomposition products under
susn temperature conditions. Polyvinylidene chloride and
polyvinyl chloride Jould svolve hydrogen chloride gas. Rxon
400 XR-61 would svolve hydrogen chloride gas and possible
fluoroscarbon decomposition producta. The fluoroplesticse
evolve dacomposition products which ars known to be toxic (13).

Approximate toxicities of these materials wre as f£2llous
(la)s

Bitrio acld, sllowable concantration in air 10 ppm cr less,
100-15" ppm for 30 minutes is dangerous, 200-700 ppa briefly
ts lethal (S to 8 hours later); the symptoms are delayed S
to 40 hours.

givrio oxide, allouable concentration in alr 25 ppm, toxiolity
similar but somsvhat less then that of nitrlce acid.

Sitrogen diomide, allowable conoentration in aip 10-235 ppm,
toxioity similar to that of nitric acld, socmewhat less.

Aniline, alloweble concentration in air 5 ppm, maxisum
tolesrated for 1 hour, 100-150 ppm.

Monomsthylaniline, tuice as toxioc as aniline.

Bthylaniline, toxicity rimilar t. that of aniline.

Moncethylaniline, no dats readl’ .y availabdle.

Hydrezine, sllowsble conoantration in air & ppa, highly
toxia (15).

Hydrogen chlorlds, sllowablo concentration in air $-10 ppn,
1500-2C00 pp lotheal in e few minutes, maximum tolerated
for 1 hour SG to 100 ppm.

Decompoaition produsts of polywonochlorotrifluorocethiylens and
polytetrafluorcethiylene, allowable concentration in aip
sgmexzhat grester than 10 phm; toxie (113).

Hydrogen fluoride, allowvable concentection in edr 3 ppm, 50
ppu fatal in 30 te 60 minutes.
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All of the materlals listed above would be considered
highly toxic, #ith the possible exception of hydrogen chlaride.
It would seem that such a mixture of taxic materials wculd
require impervicus clothing and complete respiratcry protection.
It would also seem that the addition of a material such us Kel-F
or vinyl chloride as an external coating on a fabric with an
impervious lining would cause little harm in the existing
sorrosive and toxic atmosnhere.

A brief {irvestimation was made of test methods sulg-
able for evaluation of various faorics to meet the target
requirements of thls contract. A Globar radlant heat test
was set up in accordance «ith Specification MIL-C-8240. Two
thermocouples were placed on el ther side of the fabric to be
tested so that the temperature of the "hot side®™ and the
®cold side™ of the fabric could be read concurrentlye. The
apparatus was modified by the addition ¢f a shutter o1 gate,
so that «hen the Jlobar was ralsed to the proper temperature,
the shutter could be opered and the fabric exposed for a
shart, uvefinite period of time.

An excellent mathod for testing the rarmeabllity of
varlous materials to wuits fuming nitric acld was described
as the H-Cell Test in reports covering previous cantract wrk
in this laboratory (1), (16)¢ This method is bol leved to be
cansl Jerably superior tc methods uwhere the passage of the
acld 13 shaun merely by the changlng of aa acid- or oxldatim-
{ndloatore In the H-Cell Test, the pasaage of nitric acid
can be measured quantitatively and continuously by measuring
the pH of «ater In contact with the fabrlc on the alde opposite
the aclde.

In connection with the LOG0°P stoam test and the white
fumlng nitric acld-morncethylaniline {'{re test, descrlived in
the Bxporimentul Section of this repuri, 3ome irnvestigation
was mado of high~temparature-moasurement tochriquesa. An
exoellont description of the factors involved in high-terp-
eraty ‘o mesiurenents may be found ir a book prepared by the
Amsrican Institute of Physics (17). In & more recert ccllection
of papers on comdustion flame anu explosion phenomsra, Plock,
ot al, discussed at some lencth “he radlation err-ra ard
conduc tion errors involved in the use of thermmocoupias to
measure the termperature of !el sxhaust cases (18). At 1000°F,
it wculd aprear that these errors «culd s on the arder of
30 degrees, or less. In the woprk for thia contract, & cor=-
rection value cild be sdded for radlation error and corduc-
tion error, «here appilcabiv, and the resultant tempsraturse
valuae 3hould Lle <ell «ithin the practical 1i-1ta reguirsd.
A far more serfous ;v blem was that of dbtalring & sufficlently
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rapld indication of temperature in & flame of very short
duration. A serises of very fine wire thermocouples were
cornected together to make & type of thermopile &8 a means
of improving the responss.
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DISCUSSION

The general prcblems and the maln lines of development
involved ir this project have been covered in the Introduction
and in the Literaturs and Indust.lal Survay Saztions. The
experimental Jork «ill be discussed briefly nere.

Sponge fabric samples prapared In the iritial work
on this contract {ndicated the value of s.ch a construction
as a high temperature irsulatinz material arl cleariy just-
1fied the doavelopment of & silicone rubbter sporge compuund
specifically for this fabric use. A group of silicore
rubber stocks were conparsd {Bxperiment 1) and one was
seleacted on the bases of maintalialirg softness and flexibility
a3 long a3 possible at high temperature. Thia stock was
further compounded (Experiment &) to yleld a low deraitw
sponge sultable for continuous blowing ard curing . glaas
fabric in production equipment. In this atudy, [ive different
blowing acents and three difforant curlng catalysts, covering
a Jdide range »f activating temperaturss, ware tested over
wilde vartatiors in corcentration. These combimationa wers
blown at temperaturss rancing from 300° co ,B80°P. The
reaults of the study sere quite conslatent and showed
oxaellert correlation. A reproducible relatiorahip was
found betueon the inltial thickneas of the rubbar-fabric
sosdination ard the flrnal blown and cured thickneass, apecifie
gravity, and weight of the sponge fabrice

Uaing the compound develuped In Bxpsriment 2, sponge
fatiric was produced in corntinuous length on a pilot-acale
towor, a3 dsscribed in Experiment 3. The product was of
unifere low denalty und had propartlios which agreed gqulte
woll with those indicated in Bxperiment 2«

It 18 sometirws desirable to apply a sllicone rubdbber
coating to a Iabric in the form of & solvent dlapersaion.
Samples <sore ;presared (Brporiment 4) to deterain.: the effect
of varicug amounts of soclvent on the diowing effliciency of
the silicone rubber sycnce compounds A3 little &8 12 psrcent
of azivent added te thrhe s onge compound resulted in a 3penge
sroduct of considerably higher sipecific gravity than tha?
cbtained withmt solvent. Toluene was found to be someshal
more harmful o the aponge compound thar cardon tatpachl oride.
Apparently the solvents cauded pretaturse decompoaition of
the sponging exent, and possibly the curing cetalyst, in
the silicone rubber compound.

It was evidernt eurly !n the work on thls contrac® that a

coating <¢ould have to be appllied to the reflactive surface,
or othier fabri: surfuce, to protect 1t in dally use fron
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accldental splashing with fuming nitric acid and other materials.
Wher a drop of fuming nitric acid was applied to the surface

¢! vacuum cdeposited aluminum, the aluminum was immediately
destreyere Tnis protective coeting should be transparent to
radlant heat and at the same time be flexible so that the fabric
would not become rigld or stiff. As far as penetration in an
actual ignition is concerned, a :ombination of fabric and thick
silicone sponge would apparently be sufficlent for brief exposure
to the superheated vapors, but it would not e practical to

allow the Insulating material to bs unprotected from accidental
splashing in daily use. Sxperiment S was conducted to determine
the best methods of applylng the various clear acid~resistant
materials on the reflective aluminum surface, and for applying
the aluminum-pigmented acld-resistant materials on a slass

fabric surface. The Polyfluoron {polychlorctrifiuorosthylene)
und the Kel-P Elastomer were appllied readily by standard \
knife-coating technijues, or by spraying. The polyethylene- i
Vistonex blend couli: be applled smoothiy by knife-costing,
provided the temperature of the coating mixture was properly
controlleds This blend could not be spray-coated in the

standard spray equipment.

In early sttempts to apply a Polyfluoron coating on the
vacal fabric (vacuum deposited aluminum on glass fabric),
decomposition of the thin layer of cement between the aluminum
and the glass fabric caused a8 yellow or brown coloration of
tha clear Polyfluoron coatinge However, blowing and curing
of the silicone rubber sponge on the back of the Vacal fabrie
satisfactorily removsad this problem, as a Polyfluoron coating
subsequently applind to the aluminum surface was not noticeably
colerede i

No difficulty was found in obtaining satisfactory
adhssion o both the volyfluoron coating and the silicone
sponge to the Vacal fabrice On the plain glasa fabrie,
hosever, penetration of the fabric by cither the silicone
rubber or the Polyfluoron presented a non-adhesive surface
to the material swhich was applied seconde BExperi. ats designed
te obtaln maximum adhesion of both coatings to the glasa fabric
are described in Experiment 6. It was found that sn i{nitial
thin spray-coatlng of Polyfluoron adhered well to one side of
the glass fabric and served as a primer for later Polyfluoron
coatings, without filling the interstices of the fabric.

The rubber coeting adhr.m~ed wall to the cpposite, clean side
of t..s glass fabrice. rurther knife-coatiigs of Polyfluoron
adhsred to the primed fabric surface and produced & non-porcus
coating.

Under a pravious contract, AP 33(616)-155, The Connectiocut
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Hard Rubber Company developed s chemicelly resistant; coauted
fabric with & coating of & polyechyiane-Vistansx biend (1}.

In later wJork dicumyl peroxide wad founrd to prodice an eppro-
ciablie curing sffect in the polysthylene and in ths polyethyliene-
Vistanex blends. This curing action wes inveatigated furtnher -
in connection with the possible use of the polymer hiand ua

an aclid-resistant costing materiale Th? effect of the dicunyd -
peroxids cure on the physisal propsr¢ies of polyethylems and
polyethylone-Vistanex blends was showy in Bxperimwit 7. Ths
remarkable resistanze vo flow exhibited by the cured poliy-
ethylene and blerds at 250°P wus alsc apparé&t Sor shortasn
periods 02 time at much highor tsmperatures {400-H6C0°F). It
should be polnted out that %t higher cemperatursr aix oxidation
occurs at a much preater rates, resuliing in a shorgce ussful
1ifee It 13 apparent, however, that for short exyosurea
relstively high temperatures may be withatood wWitl.out appre-
ciable zoftening or flowing of & cured polyethylene or -polye
ethylena-vistanex coating. - .

The resistance of the curad nclyethyiens and poiyethyléng=
vVistanex blends to penetration by white Yuming ritvie acld
was determined in H-Cell teésts. It was quite ihbdrt@@in% that
the peroxide curs improved sonsiderably toe poegigiancs <« the
polymers to penstration by fuming woids [t w8 &lsc shown
that the rosistance of the polyevhylene-Yigdopwx blands was
considarably better than that o the pulycthyiene alcene, whish
agrees with the mssults found {n work umdey the earlisy contradt
(L) : - , - .

The spplication of the perukigs cure o Vie tanex bl euds

- with the nsw high-dansity polysthyli polymers should be of

speciel Interest in the preparation of avideprvaictrnt Labrios
at ordinary tempareatures. The combination of betler scid~
resistance and rosistance to flow at high temperatures wuld
iprove fuwrther the me tarial developed under ths earlier
contraocte . :

as 1x§!£ceta& in the Intraduction t¢ this report, the

. fabpio product dnreiopsd under this coutract was to b

resistant to brief exposure to & chemical fire st temperatures
»p to 1000°F, a8 well as resisiant to white fuming nitric scid
ard to various fualss Pour tests Wwere devised as & weans of
comparing samples of the varicus commercilal and experimgntal
fabrics. Thess tests were (1) radisnt heat (Globar) at 1000¢P,
{2) superhestsd stesm at 1000°P, {3) H-Cell permesdility to
whice fuming nitric acid, and (4) exposure to white fuming
nitric acld-moncosthylaniline flams. These Mour teste and the
guullts obteined from the tests are described ir Exporimsnta
to 11,
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As would be expectod, the value of a fabric as protection
cgainst radiant hea? wad strongly dependent upon the type of
sueface gresented to the heat snurce {(Experiment 8). 4 highly
reflectlve alumianum surface allowed comparatively l1lttls absorp-
ticn of the radiant heat. An aluminum fcil sarface appesred
to refiect the heat slightly better than a vasuum-depositsd
a.uninum surface. (Tas vacuum-depoaited sluminam, howsver,
resulted in a much more flexible and sliable fabric:)

Gutstanding protection againat radiant heat was shown
by semples of gless fabric with & vacuum~deposited sl uminum
coatlng on the face end a laysr of silicons rubver spongss
4100 inch or grester in thicknesa, on the back. Theas
samples showed only & &5 dsghse rise Iin Lemperaiure an the
sige ovpposlite to that exposed to 10QU°P padlant heat for ten
seconds.,

It would be expected that & coating of simost any
non-metallic raterial on the fase of the wluminum would
ahzorb a conalderadble amount of hast and thug reduscs the
sffioclency of the sluainum reflective surface. The appli~
cation of & thin (0.002 ineh} polymarie acid-reslstant costing
on the fecs of tha peflective aluminis surfase 414 not
reduce the afficienay of ths reflective surfuce seprlously,
al though the veduction wes guite noticeable. Aluminumepigmentad
polymeric coatings absorbad mope heat than the polymer-coated
sluminum avefaces, but were 2¢ill more peflsctive than uncosted
glazs fabrle surfacsss The low refliestion of the almost white
giess fabrie surfacs as gompered with that of the al uminum
svrfacy sould be expscted with padiant heat from a relatively
low-tesporature souras. For & body at 1000°F, the wave length

“of the radiated hemt ahows o poak &t about 3.5 microns (19).

Aluminum shows a reflectivity of about 80% to visible light,
which incroassd to 9B% at 3 to L, mioroms. Nost uwhite surface
matarials (the various oxides, enamsls, white fadbrioa) show
relatively high reflecuivity for visibls light (80 to 98% at
Qeb . micrems ) but this falls off replidly with inoreasing wave
lengths to velues of 10 to 30% at 3 to i alorona (20).

A3 indloated in the Introduction to this report,an
accidental ignition of fuel and oxidizer would probabdly
producs nod only redlant heat in the range of 1000°P, or
higher, but would scattor s heated mixture of reactants
which at the temperatures 1-wolvéed could be preaent in
the form of highly superk sd vapors. The opinion has
hesn sxpressed that al thuugh radiant hest can de resdily
reflectsd by a liphtweight febric of the proper construs-
tlon, & 4ore sericus problex 1s presented by the presence
of the nuperheated vapors. Such a serious probleam L3 well
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known to users of present porous asbestos firs-fighting equipment.

In wrder %0 conduct & reelistic test with such supar-
heated vapors, an apparstus was coenstpructed to genarste iow-
pressure 1000°P stean, to #xposs the fabric samples to the
10009 steoem for short definits porioda of time, and to
maasupe the penetration of vapore through ths I'abric samples.
‘his apparatus is described in Experiment G.

To protect against exposure to 10008 steam, & fabdrin
must have two properties, (1) low thermmal conductivity, and
{2} no appreciables poroslty to the stsam. The silicons rubdar
sponge-febris provided a highetemperature-resistant, flexible
low-density insulating materisl, and it was found that a
relatively thin layer of the silicone rubber apunge (0020
insh or greater) was sufficient %o prevent noticeabls pena-
tpation of the superhsated vapors. A sanple of aluuinum
foil on glass fabris {Rayfoil) allowed vo measurable trans-
mission of vapor, but transmitced heat rapidly by conducstiom.

As would be expectsd, thes presence of & highly reflective
surface was of loss importance than the thicknoas of the
insulating matericl, but the offest of the reflective aurface
was quite noticeable.

The outstanding samples of those tested agsinst 1000°¢
steam were the thick sponge~fabrics {(0.10 and (.26 inch,
wolghing only 1.5 and 3.1 pounds per square yard, respectively)
which showed maximum cvemporature risce on the back of only.

65 degrees and 50 degrees rfter & ten seccond saxposurs to the
1000°% stoams A heat-peflactive surface, whils not necessary,
was helpful. The vaerious solymeric assid-resistant coatings
showed 1ittle sffact on tlis resulta of the ateam test.

Methods of spplication of the various ssid-reaistant
polymaric coatlng mateprials on glass fabrioc were describad
in Bxperiments 5 end 6, and were discussed above. Samples
of thess coatings on glasa fabric wers testod for resistance
to white fuming ritris acid by means of the H-Call permeadility
teste In this test, mentioned in the Literature and Industrial
Survey and described in Experiment 12, the coated fabrio
saaple was placed as a dlaphrags between tubes containing
white fuming nitric acid and distilled waler. The passage
of nitric aoid through the dlaphragm was indlicated quanti-
tatively and sontinuously by measuring ths pi of the water
in contact with the fabric on the side opposites the nclide.
This test quiskly showsd pin holes or phyafcal flaws in the
costings, and al 30 indicated whetihsor passage of thse aoild
through the costinrg was by phyaical diffusion alons, or a2 a
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result of chemical attack by the acid on the coating.

In Exporiment 10, the H=-Cell scid-penetrution resistances
of the Goated-fabric samples wore compared. It 1s felt that
the order of the results shown in Plgure 25, i.e., Polyfiucron,
polyethylena-vistenex, and Kel-P EKlastomer, 1s correct; this
ordsr 18 in sgeeement with earlier work done in this labora-
torg. The resulis with respect to the Kel -F Rlastomer coatings,
novever, avre unusually lowe It has previously been found thxt
the sald-penetration resistance of the Kel-F Rlastomsr is on
the oax0 order as that of polyethylene-Vistanex, and consid-
orallly less than the resiatance of & coating of polychloro-
trifluorosthylams. JIn thic series of tests, however, thin
soktings of Kel-F Elastomer prepared by several different
wothods showed relativeiy low resistancs to ponetration by

- white fuming nitris aold.

A knife~coating of alucinum-pigmented Polyfluoron on
ase fadric followed by & knifa-coating of clear Polyfluwron
finsl coaw ny thickmwas Q.002 inch) showed cutstending
rexl stanse to penetraticn by white fuming nitric acld, withe
staading 155 %o 200 hour# exposure in the H-Cell tefore
pasaage of 2.5 grams of acid por sguare meter of exposed arsa.

A brief test was 2ls0 run to dotermine the resistance
of this cotting matsrials to moncethyianiline. After 2l hours'
immersion in monosthylaniline at rcom temperaturs, Polyfluoron
showed 1358 than Oe) perdsnt galn im weight. Polysthylene
gained 2.6 perceat and cured polyethylene (4 percent peroxide)
geined 4.1 percent in weicsht. A polyethylens~Viatanex blond
160340) gained 2.9 percent ard the cured polyethylens-Vistanex
blend (4 pereent peroxide) gained S.7 percent. Kel-P BElastomer
(uncured) gained 1.9 percent, and cured Kel-F Zlastomer
geined le3 percent in weighi. ‘These results indioste that
any of the ocortings cansiderad would have sufficient resistance
gai?mooghylmnm to withastand occasional splashing in
ally use.

With respect to chemionl resistance, the polychl:  so-
triflucrosthylens s camsiderably better than any of the
cther mtericsls testod, and may be spplied and used in
relatively thin coutings {0.001 to 0.002 inoh). A dis-
advantage of the polychlorotrifluorcethylens is itz relatively
low degres of flexibility. It is ocmsiderad to be a relgtively
rigid plastic metsrial while the other ovating materials
tested {polyethylene-Vittarsx and Kel ~F Rlastomer) may be
considered to be slastomerice In a very thin coating on the
sponge-fabtzic, however, the polychlorotrifluorcethylene sappears
to be sufficiently flaxidble, and resiscent to wrinkling.
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T..e £inel test which was appiled to the acid- and ncat-
resistant fubdbric sampies was that of direct eaposure to a
flame caused by mixing #hite fuming nitrlc actd wi‘®" mono-
ethylaniline. Open mixing of small quantities of w.:te fuming
nitric acid wlth monoethylaniline did no% result in a deton~
ation, tut the mixture icrnited and ourned rapldly to produce

a8 relatively low-temperature, yellow, smoky flame. As would
be expected from the nature of the reactants, the open com-
oustion proceeded in two stages. First, there was burst of
flame which dissipated quickly, leaving a small low-temperature
fire burning on the spattered roactant materials. Even the
initial flash apgeared to be one of relatively low temperature,
from the dirk, yellow and olack color and from the amcunt of
unburned carbon in the flame and drifting arounda after the
flash. Thermocouples placed in the flame (three feet above

the reactart mixture, und directly in front of the exposed
fabric) showed a maximum indlcation of auout 1650°F, which

was reached Ir about 3 seconds after mixing. The temperature,
indicated by the thermocouples, then dropped rapldly to a
value below 300°F within 8 to 10 seconds after mixing the
ingredients. In most cases, the remaining flames dled out

in leass than one nlnuts.

Because of the reluatively low temperature of the flumes
and the reaction-vapor content, the flume showed a heating
effect on the test fabrics qulte similar to that of the 1000°F
steam, and differeri from that of radiunt heat from the flobare.
It would appeuir that a rLrotective fabric for use under these
conditions ¢hculd be ron-porous to the superheated vapors and
should have sufficient thi:knesa (and low thermal conductivity)
to prevent a,preclable penetration, or conduction, of the
heat thrcucrh the fabrice A nighly reflective surface on :tle
protective fibrie w.uld be quite helpful at some distunce
from the heat source, but apparentiy added little value in
direct exposure to the flame and heated-vapor mixture.

As a resuit of the evalauticon tests, an alumlnum-
plgmented polychlorotrifluorsethylene coating on Noe L16
glass fabrlc and silicone rubber sporge, with an overall
thiokness of 04070 inch, was recommended to satisfy ths
raquirements of this coutracte AD alternute recommerdiation
w483 the sams corstruction with an alum'nun-piemented poly-
ethylene~Vistanex coatling in place of the polychlerotri=-
fluorsethylsne. 7Tre first-recommerded conscructiorn showed
outstandling reslstance to ~hlte fumire nitric acld, mono-
sthylanilire, und 1s resistant to viptually alli other oxie
dizers and fueis. It proviisd ~coud protection agulray
panstratl o1 of rert from adctual expasure to a Whibhe Tunming
nitrlic seld -~ moncetnyianiiine flame and to lOU0®P steama




The fabric¢ construction i3 flexible and useful ovar a temp-
erature rangs of -80°F to +390°P. The corstruction providad
less protoction from 1000°F radiant heat than others with
more highly reflactive surfaces, but the actusl flame hazard
concerned was found to produce relatively little radiant heat.

The sucond (alternate) comstructicn; relatively less
exponsive, showed good resistance to white fuming nitric acid
and monocethylaniline, although not as good as the first con-
struction. The remalnder of the construction is t{he same as
the first constructlion and the insulation value is the same.
The polyethylene-Vistanex coating will burn, in contrast to
the first coatirg, but this ¢ffected no difference in the
actual flame exposure test results.

A practical method 13 now avallable for the application
of the polychlorotrifluorcethylene as a trin, transparent,
flexible and impermeable film on glasa fabric. Although this
film is leas flexible and costs considerably more than the
polyethylene-Vistanex, its properties are filt to bhe far
superior for the present application.

A thigkness of 0.070 inch for the fabric construction
has been recommended to provide the required insulation
against a 10 second exposure to 1000°F. The actual flame
reaction caused by mixing white fuming nitric acid and
monoethylaniline produced considsrably higher temperatures
(approximately 1600°F), but of much shorter duration (peak

temperature in 2 to 4 seconds, with a rapid decrease to bel ow
300°F in another 5 secamds or lesa)s It is possible that a
thinner fabric (0+040 to 0.050 {inoch) might be sufficilent if
actual-uss conditions prove that the flash flame 1a of less
duraticn than the 10-second target specification. Thinner
constructions would have certain obvious advantages, such as
in welght and comfart.
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SUMMARY AXD CONCLUSIONS

1. A fabric consisting of a thin coating (0.002 inch) of
aluminum-pigmented polychlorctrifluorcethylens on glaas fabrle
backed with a low-density silicone rubdber sponge, w:d with
overall thickness of 0.070 1nch, is recommended for protection
against spiashing with white fuming nitrlc acid, and with
various fuels, and agalnst exposure to & brief chemical fire
(1000°® for 10 seconds) resulting from accidental mixture of
white fuming nitric acid and monoetaylaniline, or mixture of
other oxidizing agents and fuels.

2+« An al ternate recommendation is the same conastructiocn with
an aluminum-pigmented polyethylene~Vistanex coating in place
of the poiychlorctrifluorcethylens.

3. A fabric consisting of en aluminum reflectiva surface
reinforced with glass fabric a«nd baoked with a relatively
thin layer of silicone sponge rubber was satisfactory as @&
hoat-resistant insulating fabric for short exposure to
radinnt heat at 1000°F and to superheated ateam at 1000°P.
It was also impervious to supsrheated steam at 1000°F for
& short sxposure.

ije A low-density, silicone rubbter sponge compound which ocan
be continuously blown end cured c¢n glass fabric in standard
production squipment was developed.

Se A coating of polyohlwotrinnormth{l‘m 04002 inoh
in thickness cn glasa febric withstood 165-20C hours'
expoaure to white fuming nitric acid befors pensctratioe of
2.5 grams of acid per square meter of exposed surface.
Polyethylene~Visturex and Kel-F Rlastomer showed considereatly
lower resistance to penstpation by the acid.

6+ Polycthylene and polyethylene-Vistanex blenis were cured
by peroxide to render groatly improved dimensional stabilisy
at temperatures of 250°P, and higher. The peroride wa
alsc effected improved resistance tc psnetration by white
fuming nitric acid.
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TLELE 10

DESCRIPTIOF AKD SOURCE OF COMMERCIAL MATERIALS

Matsrial Description

Source

Globar, Type AT 3/16 inch bar, silicon carbide

Kol-F Elastomer fluorocarbon elastomer
Polyfluoron polychlcerosrifliuoroethyl ene
Dispersant "AY chlorinated hydrosarbon
Rayfoll 0+001 1inch aluminum full on

glass {abric

Vacuum-deposited Thin coating sppilled on ¥Wo. 116
sluminum coa*ing glass fabric

vistanecz B-80 polyiscbutylens
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The Carborundum {umpany
M. Ws Ko6llogg Company
Aumes Resin Corpcration
Acme wkssln Corporation
Promue. = [ndustries
Himeaota Hining &
Nsnufacturing Company

Bnjey Company, Inc.




