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THE DEVELOPMENT OF FIRE-RETARDANT COATINGS 
FOR FABRIC COVERED AIRCRAFT 

SUMMARY 

Powerplantflre tests conductedon small 
fabric-covered arcraft proved the futlllty of 
provldmg engine fire protection I” an alrcraft 
covered with fabric which would be destroyed 
by fire withm a few seconds. 

Fabrics t r e a t e d wvlth cellulose mtrate 
dope were destroyed by fire wlthm two sec- 
onds Fabrxs treated with cellulose acetate 
butyrate dope were destroyed by flre wlthln 
~1x1 seconds. 

Fire-retardant coatings have been de- 
veloped which, when applied over f a b r 1 c s 
treated wltb cellulose acetate butyrate dope, 
markedlyuxrease the resistance to flre of the 
doped fabrx. 

PURPOSES 

The purpose of this p ro gram was to 
develop fire-retardant coatings for appllcatmn 
to doped fabric alrcraft surfaces which would 
wlthstand power plant fires for a sufflclent 
time to allow extmgmshment of such f 1 r e s , 
Coatmgs capable oi wIthstandIng fires of 2000 
degrees F for periods of 20 to 30 seconds were 
believed desirable and possible. 

The purpose of this report 1s to present 
the data developed, such that this work can be 
used by the pant Industry as a baszs for the 
development of cornme rclal fue -r e t a r da n t 
coatings 

INTRODUCTION 

AIrcraft power plant fire tests conducted 
by the Clvll Aeronautics Admlnlstratmn at the 
NationalBureau ofstandards m 1942 and 1943 
emphasized the need for provldlng fire-retard- 
ant coahngs for doped fabrx surfaces. Al- 
though complete fzreproofmg 1s not feasible 
orperhaps noteve” possible, substantial pro- 
tectlon can be afforded by provldxng a coating 
whvhlch ~111 delay destructvan of the fab TIC, 
after the outbreak of a fire, beyond the txne 
interval necessaryfor extlngulshment. 
Therefore, ajomt program of the Clvll 
Aeronautics a dm I” 1 s t r a t 1 on and Natmnal 
Bureauof Standards lookxng toward the devel- 

apment of fire-retardant coatmgs for doped 
axcrait coatxngs was set up. 

Fabrics doped with cellulose acetate 
butyrate do not present the fire hazard en- 
countered wxth fabrics dope d wxth cellulose 
nitrate However, eve” the slow burning 
b u ty r a t e dope would not be satisfactory xn 
power plant fires 1” which the doped fabric 1s 
lrkely to be m continuous contact with flame 
for a permd of several seconds. 

No fire-retardant film-formmg materl- 
als are known which tauten alrplane fabrics 
as effectively and as permanently as do dopes 
basedon cellulose derlvatlves Furthermore. 
the addltlo” of fire-retardant reszns to cellu- 
lose derlvatlves has very little effect I” I”- 
creasmg their fire retardance but has a very 
sermus effect on tautness as show” by ~ll”el. 
Therefore. at the outset of this program It was 
decided to provide addItIona fire resistance 
to doped fabric by applying a flre-retardant 
surface coatmg. The essentIalpropertIes re- 
qulred m the surface coating are as follows 
(1) fire retardancy. (2) goodadhesmn to doped 
surfaces. (3) mmxnum effect on the tautness 
ofthe substrate doped fabrzc, (4) appllcablllty 
by us ua 1 coatmg techmques, (5) flexlblllty, 
(6) resIstanceto weathering equivalent to that 
of currently used dopes, (7) resistance to actm” 
of gasolme. 011, and ethylene glycol, and (8) 
aerodynamic smoothness. 

DESCRIPTION OF DOPED FABRIC 
TEST PANELS 

A Materials Investigated 
The materials used in this mvestlgation 

are described 1” Table I. Materials whlc h 
have been most successfully used 1” fire - 
retardant coatings are (1) film-formmg sub- 
stances wh,ch on pyrolysis gxve off large quan- 
titles of non-combustible gases, and (2) p’g- 
ments which function by the productmn of “on- 
combustible gases or by the formatlon of a 

1 Gordo”M.Kll”e -“Fxe-Resistant 
Doped Fabric ior AIrcraft,” 1. Res. Natronal 
Bureau of Standards, 14, 575, 1935. 
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protective glaze which excludes oxygen’. Smce 
most of the film-formmg materials must be 
plast,crzedfor use.lt 1s desirable to mcorpo- 
rate as much fxe retardancy Into the film as 
possible by “smg fire-retardant plastlclzers 
A number of these were Included in this m- 
vestlgatmn In addltmn, several commercial 
preparatmns recommended by manufacturers 
as flame-resistant coatmgs we r e evaluated 
for comparnt1ve purposes 

B Preparatmn of Doped Fabric Test Panels 
Two types of panel frames were used 

wood frames for those dopedfabrlcassemblles 
which were to be testedin the full-scale wmd- 
tunnel fire tests at Indw,apolls, and metal 
frames for those tc be placed on outdoor ex- 
posure m Washmgton, D. C Grade A airplane 
fabrlc,welghmg four ounces per square yard, 
was stretchedover the 15-mchsquare frames 
which had openmgs 12 inches square. The 
fabrxc was then coated with ten per cent by 
weight of a mixture of three parts boric acid 
and seven parts borax, applwd as a seven 
per cent aqueous sol”t,on. This was to mm- 
unlze the tendency for the flame to be prop- 
agated underneath the fabric 1n the still-air 
burnmg test. Four coats of clear cellulose 
acetate butyrate dope conformlng to Army- 
Navy Aeronautical Speclflcatmn AN-D-I and 
two coats of pigmented cellulose acetate bu- 
tyrate dope conforming to Army-Navy Aero- 
nautical Speclflcatlon AN-D-2 we r e applied 
to the fabric. Appllcatmn of dope was accord- 
mg to the procedure defmed by the Navy Aer- 
onaut1cal Speclflcatlon SR-70e. The total 
weight of dope applied was about 4.5 ounces 
per square yard. Fire-retardant coats were 
sprayed on this basic s,x-coat system, the 
number of flre-retardant coats depending “p- 
on the tests to which the panel was to be sub- 
Jetted The weight of each fire-retardant 
coatwas appToxlmately wo ounces per square 
yard 

DESCRIPTION OF TESTS AND 
TEST EQUIPMENT 

A Evaluatmn of Fire Retardance 
1 Still-Air Burnmg Test 

It was necessary to select by means of 
a simple test optxnum combmatlons of the 
fire-retardant materials to serve as a basis 
for further development In the lnltlal stages 
of the lnvestlgatmn the apparatus developed 

by Brown and described by Klme3 was used. 
It consists of two parallel steel clamps sup- 
ported by a steel frame, the distance between 
the two clamps bang adJustable. The specl- 
mento be testedx fastenedbetweenthe clamps 
and lgmted at one end. The tune required for 
the flame frontto travel over a given distance 
(five mches), as measured along the clamps 
between two marks, 1s recorded with a stop 
watch Specimens used m these tests were 
three Inches wide and eight Inches long. They 
dlffered from the specimens used by Klme in 
thattwo rows of l/g-mch diameter holes with 
c e n te r s l/4-mch apart lengthwse and two 
Inches apart crosswise were punched in the 
specunen. The purpose of these holes was to 
provide a constant air supply throughout the 
test The apparatus 1s sultable for e lthe r 
horizontal or vertxal burnmg tests. 

2. Movmg-Air Burnmg Test 
Itwas soonfoundthat, as the development 

led to coatings which were more fxe-retard- 
ant, the still-air burnmg test was Inadequate 
for evaluation purposes because the coatmgs 
..vere self-extmgulshmg. A movmg-air burn- 
mg test was developed whzch pernutted evalu- 
atlon of the more fire-retardant coatmgs. A 
sketchof this apparatus 1s shown m Fig. 1. A 
small laboratory centrifugal exhaust fan draws 
air through a funnel-shaped entrance p o I t , 
whxh IS adapted to accommodate a doped fabrx 
test panel. The doped fabric panel 1s attached 
to the bottom of the entrance funnel with the 
fire-retardantcoating onthe InsIde A Meker 
burner with al= supply ad,“sted to give a quwt 
blue flame nme mches m height IS placed I,, 
such a posltmn with respect to the fabric that 
the current of air causes the flame to lx on the 
coatedsurface. Wlndveloaty m the center of 
the entrance port 1s 6.5 rmles per hour,meas- 
“red with a hot wire anemometer The txne 
Intervals (1) between flame contact andlgnltlon 
of coating and (2) between flame contact and 
charrmg of the fabric as seen from the outsIde 
aremeasured with a stop watch. For a group 
of 119 tests of pars of duplicate samples, the 

2 J. E. Ramsbottom - “The FlreProofmg 
of Fabrics “p 24, London HIS MaJesty’s 
stationery Offxe. 1947 

3 Gordon M Klme - “Fire-R e s 1 s tan t 
Doped Fabric for AIrcraft,” J. Res. NatIonal 
Bureau of Standards, ‘4. 575. 1935 
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FLAME ‘NORMALLY 9” HIGH 3 
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Fig 1 Apparatus for Selectmg Doped Fabric Coatmgs by Movmg Avr Busnmg Test 

3. Wmd-Tunnel Bwqng Test 
Thla fest was made at the Expermental 

Statmn of t+ Cm11 Aeronsutic~ Admmlstrataon 
at Indxinapol~s, I”dmaa A steel wmg, sectvan 
of Clark Y amfall was suspended, as shown 
1~ Fig. 2, at the outlet end of an open-type 
wmd tunnel. A 12-mch square openar~ 19 the 
centerof the ppan and chord af the lower su+-- 
face was prowded to admxt fahrrc panels for 
test The angle between the plane of the test 
panel. and the 3x1s of the wwd t,+nnel was zero 
degrees. The wmd tunn e 1 was operated go 
as to provide a 70 m& per, hour ali- stream. 
lmmed&at$y fprward ~9 the wmg ,.,yas mounted 
a spr61y-gun to which )K&S supplIed approln- 
mate 1 y 1.5 gallons per mmu* of 90~Qctane 
av?atmp gasolme and au at approalmately 50 
pounds per square Inch. The spray-gun wtrq- 
duced D qmform spray of atomized gasolme 
into the air stream, At zero tm,e, the spray 

was lgruted, by a spark drarxl, a high-tensmn 
axrcraft $park slug. Thw .prov,ded an enve- 
lope of burnqg gasolme whlchpassed both 
over and under the alrfoti ursurrng aontmuous 
contactof tlwtest speermen wtb flame d!Jrmg 
the entzre test. The >gpsolme flaw w&s regu- 
lated by a polewad-type electric valve. The 
curse of the tire was observed by two ob- 
S~TY~TS c-q the, groumL\vdh stop watches and 
hyya motmnplcture eameraalmed at a m~ri-or 
so orlested m the mteskor of the wmg sact1e.n 
as to pernut abservahan of the InsIde surface 
of the test panel. A large electrx clock wltb 
a sweep second hand was placed m the field 
of view of the camepq ta ppwlde an auxllmry 
tune scale, The motwri pxtu+e camera was 
operated atg speed of lb,frames per second. 
One obsesyer noted the tune for the destructIon 
of the outer catlng snd the second observer 
noted the* tmieof fabrucfallurs.> The destruc- 
bon of the outer co at rng was’euxlenced by 
p 1 e c e s of watmg beang blown away by the 
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-b-y, *- STAINLESS STEEL 
WING SECTION 

TnERMOcOUPLEs TEST PINRIC 

TEST PANEL DETAIL 

WIND TUNNLL OUTLET 
DIAMETER (I FEET 

7 
- SUPPORTS YIEWINQ OPENINQS 

FABRIC TEST 

- COMPRESSED PllR 50 PW 

FIR. 2 Apparatus for Wmd-Tunnel Burnmg Tests of Fire-Retardant Coatrngs 
for Doped Fabric 

wmdstream. Failure of the fabric was evl- 
dented by two crlterm. To the outslde ob- 
server, the dlsmtegratmn of the fabrx was 
quite sudden andcomplete At the same time, 
the lllurnmatmn mslde the airfoll s ud d e n 1 y 
Increased. In Fig. 3, prints of successive 
frames of the motmn picture record show the 
fabric destructmn occurrmg between the first 
and second frames. Temperatures were re- 
corded at pomts mxnedmtely outslde and m- 
side the fabric by me an s of thermocouples 
and quick-actIn? recordmg pyrometers. 

Flfteen experxmental fire-retardant 
coatmg systems were tested m the wind tunnel. 
Ineach system, one, two, three, and four coats 
of fire-retardant materlal were applied to a 
fabric prevmusly doped wvlth a standard Navy 
six-coat doping scheme, usmg cellulose ace- 
tate butyrate dope applied In accordance with 
Navy AeronautIcal Speclflcatmn SR-7Oe. The 
selection of the materials for this test was 
based on their performance In the laboratory 

movmg-air burnmg tests. Panels were pre- 
pared several months m advance, so that the 
effects of solvent retentmn were negllglble. 
The formulatmns of these fire-retardant coats 
are given In Table II. Also, panels wlthout 
fire-retardant coatmgs were tested to provide 
a basis of comparison. In this latter group 
were included panels coated with Monsanto 
Skylac dope, Navy speclhcatmn cellulose N- 
trate dope, and Navy speclflcatmn cellulose 
acetate butyrate dope, respectively. 

B. Evaluatmn of Other Properties of Coating 
Systems 

Not only 1s It desirable to provide the 
maxnnum m fire retardance in a coatmg. but 
It 1s also essentml that the coating have a 
reasonably good life expectancy The reqmre- 
ments for good alrplane fabric coatmgs are 
severe. Theymust be tough enough m all kmds 
of weather to withstand Impacts from pieces 
of runway gravel as well as normal f 1 y 1 n g 



5 

Fig. 3 Sample of Motmn Picture Record of 
Wmd-Tunnel Burnmg Tests of Fire- 
Retardant Coatmgs for Doped Fabrics 
Arrows Indxate Vew,g Mirror at 
Test Panel 

s t r e s s e s , they must not Interfere with the 
normal fabric tautness, they must be easily 
applied, show good adhesmn to dope and be 
smooth. 

1. Accelerated Weathermg Test 
In the exploratory stages of this mves- 

tlgatmn. accelerated weathermg by Me tho d 
6021 of Federal Speclfxatmn L-P-406a was 
usedas a guide mthe selectmn of coatmg for- 
mulatmns. The specmnen 1s exposed to cycles 
of condensed fog alternated with ultravmlet 

radla~mn from a GeneralElectrlc S-l sunlamp. 
This method has proved successful for labo- 
ratory evaluatmn of plastics with respect to 
their resistance to natural weathermg. A 
standard exposure of 240 hours of this cyclw 
treatment was used as an mltlal screenmg 
test. A soft alkydresm. Rezl 36-5, was found 
to be particularly effective as a plastxlzmg 
resin and supermr to the other resins tested 
in xnpartlng resmtance to weathermg. Most 
of the coatmgs were, therefore, bu,lt around 
this resin. Testfrlms approxunately ten mlls 
thick were exammed with and wlthout pzgments, 
both as free films and as coatmgs applied to 
doped fabrxs. To be a candldate for outdoor 
exposure, the test f&n was required to show 
sufflclent flexlblllty afte r the 240 hours of 
acceleratedweatherlng to permit a lgO-degree 
f o 1 d at room temperature wwlthout crackrig 
The fold was made by hand, with no attempt to 
control the radzus of fold 

2 Outdoor Weathermg Tests 
Fire-retardant coatzngs s e 1 e c t e d for 

outdoor exposure were applxed as top co a t s 
over panels of dopedfabrIc The compasltmns 
and propertws of the coatmg systems tested 
by outdoor exposure are presented ln Tables 
III to VI mcluslve. Two coats were applied, 
the total coatmg weight added bang approx- 
lmately four ounces per square yard. The 
test panels were exposed continuously m 
Washmgton. D. C on outdoor racks facing 
south at an angle of 45 degrees. Perrodlc 
tautnessmeasurements and-pact tests were 
made accordrug to the procedures descrxbed 
by Klme and Remhart4 

RESULTS AND DISCUSSICN 

A. Wmd-Tunnel Burnrig Tests 
The results of the wmd-tunnel burnmg 

te s t s at Indmnapolxz are shown m Table II 
andFIg 4. Fig. 5 shows the appearance, after 
thewmd-tunnel burnmg tests, of panels which 
had been doped with cellulose nl t r a t e and 
c e 11 u 1 o s e acetate butyrate dopes, with and 
wlthout fire-retardant coatmgs an the dope 
surfaces Itls noteworthy that the panel doped 

4 Gordon M. Klme and Frank Remhart 
“Industrml and Engmeermg Chemistry.” 32, 
1.35. 1940. 
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N- N AVERAGE TIME FOR FAILURE OF PANEL TREATED WITH CELLULOSE NITRATE DOPE 
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Fig. 4 Burnmg Tomes of Doped Fabrms Covered with Fire-Retardant Coatmgs 1x1 Wmd-Tunnel Test 
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Fig. 5 Appearance of Panels After Sxnulated Power Plant Fire Tests 1x1 the Wmd-Tunnel at Indlanapohs 

N 3 - Cellulose ratrate dope, destructmn tmne. 2 seconds 
N 5 - Cellulose mtrate dope plus four coats of fire-retardant coating No. 11 

(see Table II), destruction time. 4 seconds 
B 6 - Cellulose acetate butyrate dope, destructvan t,me, 6 seconds 

I1 D - Cellulose acetate butyrate dope plus four coats of fire-retardant coatmg 
No. 11 (see Table II), destructmn hme. 12 seconds 
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with cellulose mtrate and coated with a fire- 
retardant coatmg IS destroyed more quickly 
and extensively than the panel coated with 
cellulose acetate butyrate dope only. 

Coatmg failure In this mvestigatmn 1s 
taken as the tm-.e required for the coatmg to 
be destroyed to such an extent that It 1s par- 
tlally swept away by the wmdstream. Durrng 
this Interval, the temperature on the outslde 
of the panel rises considerably more rapldly 
than the temperature on the made. When the 
coatmg 15 completely swept away. the temper- 
ature on the mslde rxses sharply. The tme 
until this rise of temperature on the mclde 
occurs 1s somev,hat of a measure of the fire- 
retardant effectiveness of the coating. The 
coating. in bllstermg, apparently acts as a 
blanket and flame deflector. The sharp tem- 
perature rise occurs when this blanket is re- 
moved so that the doped surface IS again In 
contactwith the flame. The txne-temperature 

relations are shown inFig 6. The times 
shown by the bar graphs m Fig. 4 for total 
destruction as evidenced by fire break-through 
are taken from the motmn picture records, 
whxh are considered to be somewhat more 
relmble than elther the data from the manually 
operated stop watch, or the data from the txne- 
temperature charts. The values of tunes gwen 
Fig. 4 and in Table II are the orlgmal data for 
a smgle panel. 

In general, mcreased fire protectmu was 
given by IncreasIng the number of fire- 
retardant coats. wvlth the exceptmn of coatmg 
system No. 2 for which no explanation IS 
apparent. 

The zone of incident flame from the 
burprng gasolme was sharply confined to half 
the panel area. This provided a crltermn of 
extent of propagation of the fire to areas not 
m contact with the orlgmal flame. The burnt 
areas of the fire-resistant panels were con- 

TINE IN SECONDS 

TOTAL DESTRVCTlOll 

EFFECTIVE DELAV TIME IEDTI 

INITIAL FCilLURE IN OUTER CO&TINC 
MAT OCCUR ARTWHERE IN T,,lS RANGE 

L 
Fig. 6 

FIRE HITS PANEL 
To = TEMPERATURE AT OUTER PANEL SVRFACE 
T, =TEYPERATURE AT INNER PANEL SURFACE 

Typical Time-Temperature Record of a Test Panel Durmg Wmd-Tunnel Burning Test 
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fmed b those regmns lmmedmtely m contact 
with the flame. This was true also of the pan- 
els coated wltb cellulose acetate butyrate dope 
only. but was not true of the panels co ate d 
with cellulose mtrate dope. In some mstances. 
the cellulose mtrate panels were completely 
consumed. Under the conditions of fire, the 
cellulose B c e ta te butyrate melted before It 
lgmted. This meltmg of the coatmg occurred 
also wltb the cblormated neoprene systems, 
Nos. 5 and 6. 

An almost “mversal property of all the 
fire-retardant systems was the development 
of blisters brought about by the generation of 
8 as e 8 madent to the pyrolysis of the fire- 
retardant matenals. The only exceptmn was 
systemNo. 11 whxh ~dnotexhlbltthebllsters 
charactenstlc of the other systems, but ln- 
stead seemed to be one big bubble. Zmc borate 
was the pigment used 1n this latter s y s t e m 
which showedtbe best flr~etardantpropertres 
of any system tested. From the pomt of vxew 
of keepmg the coatmg m place for as long a 
pe r1o d as possible, the formatmn of small 
blisters 1s better than the formatmn of one 
large bubble, whIchmIght easily be blown loose 
by the wmdstream. 

During the progress of the tests, It be- 
came quite apparent that an important lumt- 
mg factor m protecton was tbe brittleness of 
the burnt outer coatmng. Some nnprovement 
canbe expectedlf tbe outer coatmg 1s deslgned 
to have g r e a te r mechamcal strength after 
burmng, so that It ~111 not be so easily blown 
away by tbe wndstream. There appear to be 
no systematic differences m the results ob- 
tamed wultb the several plastnzers mvesti- 
gated 

Afterglow, altbougha slgmhcantproperty 
m the still-an burnmg tests because of re- 
lgnltlon. was not Important n, e,tber tbe lab- 
o r a to r y movmg-a,r or wmd-tunnel burnrng 
test. However. It wasnoted mtbe wmd-tuanel 
tests that large s e c t 10 n s of the alumnuzed 
coatmgon a paneldoped wlthcellulose acetate 
butyrate contammg alummum pIgmat we r e 
lgmtedand blownaway as a shower of burnmg 
particles downstream. This could concewably 
conshtute a relgmtmn hazard. 

Smce coating systems examred 14 the 
wmd-t”nse1 tests were selected from those 
showmg up best m the laboratory tests, tl,e 
dxfferences ,n fire-r e tar da nt effectiveness 
among these var1o”s systems 1s relatwely 

small. Therefore, It 1s dlfIlc”lt to choose a 
partxular system as bemg clearly tbe best. 
However, there 1s no doubt that these coatmgs 
are substantially supermr ln fire retardancy 
to a cellulose acetate butyrate system alone. 
Then supermrlty over cellulose mtrate sys- 
tems 1s very marked. 
B. Outdoor Weatbermg Test 

The program of accelerated weathermg 
was desxgned so as to select systems which 
could be expected to remam flexible after a 
normal permd of service. Those systems 
which retamed tbelr flexlblllty after 240 hours 
of accelerated wveatbermg were rncorporated 
Into panels placed on outdoor exposure for 
evaluation of tbelr weather-resistant proper- 
ties. The composltmns and properties of the 
coatmg systems tested by outdoor exposure 
are presented I,, Tables III to VI, mcluslve. 

The tautness readlngs shownm the 
tables represent tbe deflectmn m thousandths 
of an Inch produced at the center of a doped 
fabrrc test panel by a concentrated load of one 
pound. Therefore, low readmgs mean good 
tautness. Avalue of 100 1s takenas tbebound- 
a r y between satisfactory and unsatisfactory 
tautness. The tendency to poor tautness which 
results from the “se of the non-tautenmg fire- 
retardantcoatmgs canposslbly be neutralmed 
I” part by tbe use of a hot appl~atmn dope, 
whxh gives a high degree of tautness, as the 
substrate. Thus, the tautness of tbe composite 
system might be made eqmvalent to that of 
s ta n d a r d cellulose acetate butyrate doped 
fabnc. However. the hot dope systems requrre 
further development to correct poor flexlblllty 
before they ~111 be satisfactory for such “se. 
Although& borx-and-borax treatment does 
act as an effective fire-retardant for fabrx, 
there was evidence that the adbes~on of cel- 
lulose acetate buty r ate dope to fabrzc was 
lower in panels contammg the boric ac,d and 
borax than m panels not contammg borxc acid 
and borax. Very few of the coatmgs tested m 
this program are as durable or as flexible as 
the cellulose acetate butyrate dope v,ixch 1s 
takenas a standard for compar~on. The lor- 
mules which showed relatively early fallure 
on impact (brittle failure) 1.e.. zn less than 
six months, are not recommended for further 
conslderatmn. There are. however, several 
coatmg systems which ought to be consIdered 
sermusly f o r further development by mter- 
ested lacquer manufacturers These ~111 be 
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dlscussed ,n detail. 
1. Vmyl and Vmylldene C h 1 o r 1 de Resm 
Coatmgs (Table III) 

Half of the Vmyllte VYHH coatmgs de- 
veloped poor adhesion to dope upon exposure. 
Panel 625 had whrte pigment m the substrate 
dope and showed ev,dence of erosion. Panel 
614 was removed because of Impact failure 
after short exposure. 

Stahllrzers such as urea and basic lead 
c a r b o na t e were effective in prolonglug the 
con tlng life as may be seen by comparmg 
panel 761, whxh had no stablllzer, with panels 
732 and 733, which had stablllzers. 

The coatings usmg the vlnylldene 
chloride-acrylonltrlle copolymer (Dow Resm 
X-l 24) as Mm-formmg base show, LP general, 
very favorable properties. both from the pomt 
of view of ilre retardancy and of weathermg. 
The supermr performance of panels 730 and 
731 III comparlsonwlthpanel760 demonstrates 
the eifectlveness of urea and basic lead car- 
bonate as stablllzers. The use of equal parts 
of calcmm carbonate and antimony oxide as 
pigment m formula 96 appears to be a factor 
mthe very marked supermrlty m fire resist- 
ante as compared with the ilre resistance of 
the coatlugs from formulas 547 and 548. m 
which a larger proportion of antimony oxide 
was used. This variable needs further ex- 
ploratmn. 

2. Chlormated Rubber Coatmgs (Table IV) 
The four chlormated rubber coatings 

whxh gave best results III the outdoor weath- 
ermg tests are formulas 2. 84, 543, and 544. 
However, the erosmn of formulas 2 and 04. 
madent to the use of the water-soluble mag- 
neslum ammomum phosphate m the pigment. 
may be responsible for the failure to show 
brittleness szmply because of the reductmn of 
coating thickness. Formulas 543 and 544 
show supermr ilre retardancy, as compared 
with formula 2, with r e s p e c t to both seli- 
extmgulshmg and afterglow Another prom- 
IsIng coatmg IS formula 534, one prepared by 
a d d 1 n g chlormated rubber to an alummum- 
p lgmen te d vinyl chloride acetate lacquer 
(Amercoat I1 38) formula No. 534. Prellmmary 
acceleratedweatherlng tests of Amercoat 1138 
over cellulose acetate butyrate doped fabric 
were unfavorable However, use of the mix- 
ture gave goodresults both ,n accelerated and 
natural weathermg. except for a smgle early 
brittle fallure. 

3. Chlormated Neoprene Coatmgs (Table V) I 
Formulas 545 and 546 (panels 768 and 

729). contammg urea and basic lead carbonate 
as stablllzers, show the best resistance to 
weathermg. Formula 97 (panels 630 and 631) 
a pp e a r e d better in the laboratory burnmg 
tests. A fo rmule nearly like formula 97, 
namely formula 470, showed up excellently m 
the wmd-tunnel fire tests (see Table II and 
Fig. 4, wmd-tunnel test coatmg No. 6). It 1s 
probable that the use of equal parts of calcium 
carbonate and antimony oxide plus one of the 
stabllrzers would yield a coatmg having the 
improved weathermg resistance of formulas 
545 and 546 and the fire retardancy of formula 
97. The cblorrnated neoprene formulas gave 
the smoothest coatmgs of any of the materials 
tested. 

4. Chlormated polylsoprene Coatmgs 
(Table VI) 

Formulas 466 and 540 (panels 699 and 
701) gave the best all around performance m 
the outdoor weathermg test, although both 
panels became slack on one occasion durmg a 
prolongedwet spell. The mIxed base coatmg, 
usmg chlormated poly~.oprena (Pa&n X) and 
Amercoat 1138. showed an early brittle farlure 
but otberwlse gave good performance. 

CONCLUSIONS 

1 Simulated power plant fire tests of 
dopedfabrxs coatedwlth fire-retardant 
coatmgs. conducted under wmd-tunnel condl- 
tmns, demonstrated that It 1s possible to m- 
crease the crltlcal tune Interval between the 
mstant of first contact of fxre wltb fabrx and 
thelnstantoffabrlc destructlon fromthe 
present value of two seconds v&h cellulose 
mtrate dope or SIX seconds with cellulose 
acetate butyrate dope to twelve seconds with 
afire-retnrdantcoetmg applledover cellulose 
acetate butyrate dope. 

C oat III g s of supermr fire-retardant 
characterlstlcs warrantmg further develop- 
ment Include N.B.S. Coatmg S y stems Nos. 
251, 451, 469. and 470. 

2. A laboratory method for the quick 
evaluatmn of relative performance of f 1 r e - 
retardant coatmgs 1s described. This test 
~111 iacllltate the further development of fire- 
retardant coatmgs. 

3. The protectwe actlo,, of fzre-retardant 
coatmgs on cellulose mtrate dope 1s too small 
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to be of any value. 
4. The results of outdoor exposure tests 

reveal several ilre-retardantcoatlng systems 
w I th good weathermg characterlstlcs which 
are recommended for iu I the r development. 
Among the systems warrantmg further de- 
velopmentare N.B.S. Formulas Nos. 534, 547, 
548, 96. 545, and 466. 

5. The use of a mixture of boric acld 
andborax as fabric Impregnant. while effectwe 
as a fire-retardant. has a deletermus effect 
on adhesmn of dope to fabric which becomes 
apparent on outdoor exposure. 

RECOMMENDATIONS 

It 1s recommended that 
1. Thedata given m this report be used 

as a basis for the development of commercial 
fire-retardant coatmgs 

2. Test panels mcorporatmg the devel- 
oped coatmgs be furmshed to the Power Plant 
Se c tlon, Clvll Aeronautics Admmlstratmn 

Experunental Statmn, Indlanapolls 21, Indiana 
for evaluatmn of fire retardance. 

3. Test panels be prepared maccordance 
with Navy Aeronautical Speclflcatmn SR-7Oe. 
Section D-6. Panels should be mounted on 
square wooden frames. outside dlmensmu 15 
mches plus ormmus l/g-mchinslde dlmensmn 
12 mches square. The fabric used should be 
AN-C-121 welghmg four ounces per square 
yard and should be untreated (no boric acld- 
borax). The dope used should be AN-D-l and 
AN-D-2 (white dope) Total welgbt of dope 
should be 4 l/2 ounces per square yard. Va- 
r1ous weights of izre-retardant coatmgs should 
be used on series of panels to assure that an 
optimum pomt can be establIshed between the 
weight of coatrng and the consequent ilre re- 
tardance. 

4. Manufacturers engagmg m tbx work 
use panels as described in recommendatmn 
No. 3 for accelerated and outdoor weathermg 
tests, and that these panels, after the weath- 
ermg tests, be submitted for flre testmg. 
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TABLE 111 (Contmwd) 

N 0 s Panel No b24 b25 b74 732 733 
N 0 S Formula No 62 b2 469 549 550 
hope P,gmentatmb A, w Al Al Al 

761 b21 
562 96 

Al Al 

697 611 730 731 760 
96 96 547 548 561 
Al Al Al Al Al 

60 100 100 100 100 100 100 
40 

-- 17 17 17 a 9 __ 

Burning character,st,cs= A,B,E A.&E A,B.E A.B,E A,B.E -- A.B.E A.B,E A.B.E A.8.E A,B,E -- 

Cutdoor watbermg 
Inltlal tautness. nuls lob 113 b0 01 04 80 lob 86 100 96 93 98 
~autnesa ranged, m.ls 73/131 69/1X9 60/90 b3/125 60/127 60/123 71/142 60/s W/133 b9/137 61/137 75/140 
Time to i1rst br,,Ue failure. mcl 10 8 4 9 9 5 10 14 2 __ -- b 
Total mo exposure, 11 II 5 II I1 7 31 21 5 17 17 14 
Cond,lmn of pa,& B,D ‘,D F G,D B.D O.D A.D A,D D A,D A.D A.D 

e Code for cond,tmn of outdoor weatbermg panels’ 
A = exposure test cant,nuq 
0 = poor adhesmn of top coat t., dape substrate 
c = eroslo” of top coat 
D = tautness poor m warm weather 
E = fme crackrng OI top coat 
F = expermental hot-applmatm dope substrate 
G = pear adhesmn aI dope to Iebrtc 







620 629 630 631 672 673 698 720 729 
LOO 100 97 97 536 25z 250 545 546 
Al w Al w Al Al Al Al Al 

26 0 26 0 26 II 26 0 16 0 30 0 
40 of 

30 0 25 8 25 0 

26 0 26 0 26 0 26 0 
40 40 40 40 

40 40 

60 0 15 0 
75 

30 
75 

30 

15 0 
7 5 

13 9 

10 0 

13 9 

10 0 

75 

10 0 10 0 
40 40 

20 0 
40 0 40 0 

20 0 

20 0 

20 0 

90 

90 

20 0 

20 0 

10 0 

30 0 

10.0 

30 0 

03 
03 



TABLE Y (Contmued) 

N B S Panel No 620 629 630 631 672 673 698 7za 729 
N E S Formula No 100 100 97 97 536 
Dope PL*me”L4tmnb 

252 250 545 546 
Al W Al w Al Al Al Al Al 

VOLATILES 
Solvent 

Methyl ethyl ketoonee 34 0 34.0 34.0 
TOlWIle 33.0 33 0 33.0 
Trxhloroethylene 33.0 33.0 33.0 
Dmcetone alcohol 
umon solven, No a 
Aromatic petroleum naphtha. Type I 
xy1ene 
Butyl acetate 

Properties 

Fabr,c char t,me, mo”q,-al= test, set 14 14 23 

34 0 
33 0 
33 0 

50 0 
50 0 

23 -- 

100 100 

50 0 
50.0 

60.0 
20 0 
20.0 

Burnmg characterlstlcs= 

Outdoor weahermg 

A,B.E A.B.E A.B,E AJ3.E -- 
9 IL 10 12 

A.B,E A,B.E E,E A.B,E 

Inhal tautness. ml16 68 07 97 92 

Tautness ranged, mlls 74;:,1 74;;,6 749;:~ 58;:0461;:02 65/109 59/11567/l% 641133 
Tune to fW.l hrlttle fmlure, mo. -- 8 -- 10 * 2 13 9 -_ 

Tdal exposure, Ino 11 11 11 11 5 5 16 18 16 

Condltmn Of psnele C.E C C.E C.E F F G A.E A,E 

a Jigures IX, table are rn percent by weqht of nonvolatlles and volatiles, respectively, The solutmns ulere 
made up to co,,t.sr, 25 percent nonvols,,les. All Iabr~cswuere coatedwlth 10percentbywe,ght of a m,x‘urt 
of three parts bor,c aczd and seven parts borax before dopmg. 

b. Code for pqmenvitm 
Al = alununum 
B = blue-gray 
0 = *my 
W = white 

c Code for burnmg characteratxs 
A = after+ss 
B = bllsterlng 
E = self-ext,ngushmg 

d 5 = slack 

e Code for condltmn of outdoor weathermg panels 
A = exposure test contmumg 
B = poor adhesmn of top coat 
c = e=o61on of top coat 
D = tautness poor m warm wealher 
E = he crackmg of top coat 
F = expermental hot-applrcatmn dope substrate 
G = poor adhermn ot dope to Iabnc 

f Pxgment content Included ,n film base fqure 



870 
535 

Al 

Lb D 
40 cd 

14 0 
10 0 
10 0 

699 7bo 
466 467 ’ 
Al Al 

300 

14 0 
16 0‘ 

14 a- 

16 n 

20 0 
to.0 

- ’ 701 . .724 7.25. 7&Q’ _ .721- * : 708 ,-709 722 723 
540 ‘$51 ,~~i 451 h h _ -pY=w.‘- Skylac 

Al w 0 w w w w B B 

i- 9 

NONVOLATILES I+ c 

3cM ’ 38 0 

16 0 
80 

14-O 
80 

80 

40 0 

:- 



TABLE “I (Contmued) 

N B S Panel No 670 699 700 
N B S Formula No 535 466 467 
hope P~Bmenlatmb Al Al Al 

100 
60 o 
40 0 

__ -- 
_- -- 

113 97 
74/,39 bb/S 

4 14 
18 2, 
0 A 

100 

_- 
-- 

84 
bb/lOB 

2 
,5 

70, 
540 

Al 

100 

-- 

93 
70/s 

13 
21 
A 

724 725 720 
451 451 h 

w c w 

VOLATlLE.9 

LOO LOO 

I2 9 5B 
A.B.E B.E 

109 II0 74 
67/,4, 51/143 71/,03 

4 9 7 
I, ,I ,I 

B.D BD 

72, 708 709 722 723 
h Pyropex Skylac 
w w w E E 

5 5 5 58 5 

81 59 59 80 
m/100 53/s 53/S 65/116 60/8:20 

9 -- __ 10 -- 
11 19 19 19 19 
c A A A.D A.D 

a Figures ,n hb,e are m percent by wexght of nonvo,at,,es and volatxles, res~echvely The solutmns were 
made up t., contan 25 percent nonvolatzles All fabrIcsurer. coatedwtb IOpercentbyweight oJa mxxture 
of three parts bor,c acid and seven parts borax before dqnq, except where otberwse noted (see note 8) 

b Code for p~gmentatmn e Code for cond,tmn o‘ outdoor wathermg panels 
A, = alummum A = exposure test cantlnulng 
E = blue-gray B = poor adbesmn of top coat 
0 = gray c = ero9mn Of top Coat 
w = white D = tautness poor m warm weather 

E = fme crackma of top coat 
c Code for burnmg character~stxcs F = expermental hot-appl,caUon dope rubstrati 

A : afterglov G = poor adhesmn of dope ta Iabrac 
E z bhslermg 
E = self-ext,n~“lrhIng f Rgmenl content mcluded m film base figure 

d s = s,ack B No borx ‘md/borax mmt”re on fahrlc 

h Na fmc retardant coatmg. 


