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The invention described herein, if patented, may be 
manufactured and used by or for the Government for 
governmental purposes, without the payment to us of any 
royalty thereon. 

This invention relates to camou?age covering for pro 
tection against thermal radiation caused by a nuclear ex 
plosion, and more particularly to a two-ply covering; the 
inner plybeing a highly retlectant metallic sheet and 
superposed thereon an instantly combustible camou?age 
fabric ply. 
A nuclear explosion results in three principal types of , 

damage: blast damage, heat damage, and damage from 
ionizing radiation. Of these, the heat damage usually 
extends over a longer radius than the others, due to the 
tremendous heat radiated from the place of occurrence of 
the nuclear explosion. The thermal radiation travels in 
straight lines and obliterates or damages those objects in 
its path that are not shielded. 
On the other hand, thermal radiation emanating from 

the source of the atomic explosion has little penetrating 
power, and at some distance from the locus of the ex 
plosion is capable of being re?ected by a re?ectant sur 
face, such as bright metal. Thus, a person or object 
covered with a metallic sheet, metallized cloth, and the , 
like stands a good chance to survive a nuclear explosion, 
if it occurs at a distance greater than the damaging effect 
of the blastwave. ‘ 

However, such ‘a protection by a highly reflectant cover t 
has a serious and often decisive military disadvantage, in 
that the re?ectant covering is visible at great distances by 
an observing enemy, who will then proceed to eliminate‘ ‘ 
the military object by conventional means, such as artil- ~ 
lery shelling or conventional aerial bombardment. 
We have discovered that a covering which protects 

against thermal radiation as Well as against enemy obser 
vation can be simply and effectively provided by a two 
ply construction in which the inner ply is a highly re 
?ectant metallic object, and the outer ply is an instantly 
combustible fabric of low re?ectance. The metallic lay 
er may be e.g., a sheet of aluminum, titanium, tear-re~ 
sistant tinfoil, metallizcd cloth, and the like. The metallic 

‘ layer, if exposed to thermal radiation, re?ects about 80% 
thereof. The instantly combustible fabric outer ply is - 
of low reflectance, and is of a solid or patterned camou 
?age color well known to the camou?age expert, e.g., 

‘-olive green in the temperate zone, khaki in the desert 
or patterned in shades of brown and green for jungle 
warfare. The fabric material is selected from instantly 
combustible materials without appreciable after?aming, 
representative examples of which are: wool, silk, rayon 
(viscose), polyethylene terephthalate (Dacron), poly 
acrylonitrile (Orlon), acrylonitrile vinyl copolymer (Dy- 4 
nel, Acrilan), regenerated zein protein ?ber (Vicara), 
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and fabrics of mixtures of two or more of the foregoing 
textile ?bers. Cotton, a non~proteinaceous substance (as 
contrasted with proteinaceous textiles such as wool, silk 
or zein ?bers) has less favorable burning characteristics 

,5 for the purposes of our invention, but may be made 
assignors to the United States of America as repre- ‘ , suitable ‘therefor by impregnation with a ?ame propagant, 

as will be more fully explained hereafter. Saponi?ed 
cellulose acetate (Fortisan) fabric was‘found unsuitable 
because of its long aftcrllaming. 

While it is customary in the provision of fabric material 
for ordinary military clothing, tarpaulinsand the like, 
to ?arneproof the fabric by ‘a chemical treatment with a 
?ame-resistant composition, such a practice is detrimental 
to the object of our invention. and‘ to the contrary‘ we 
obtain ‘a more etlicient covering by treating the fabric ‘with 
a ?ame-propagating composition so as to increase its 
?ammability. - . ' 

Thus, the combustion rate of a rayon fabric is matc 
rially increased by impregnation with a nitrate. such as 
ammonium nitrate. The llanunability of nylon is raised 
by‘ impregnation with coppcr~8-quinoiinolate (a well 
known fungnaproo?ng agent), so as to deposit about. .01 
to ‘about .5% copper ‘in the fabric. ‘ 
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The following table indicates a number of results ob-‘i 
tainetl by testing a number of two~ply covers in accord 
ance with our invention‘. The effectiveness was measured 
by determining the temperature rise behind .the cover, 
when subjected to a predetermined energy ?ux measured 
in calories per square centimeter per second, as delivered 

30 by a carbon arc. * 5 I 

Contrary to the expectation that the heat of combus— 
tion of the fabric cover would decrease the protection af 
forded by the metal layer by reason of heat conduction 
through the metal layer, it was found surprisingly, how 

85 ever, that some of the tested fabric plies even increased 
the eiiiciency of the composite cover, as compared with 

" the efficiency of a non-covered aluminum re?ectant. It 
should be borne in mind that even in those instances 
where the efficiency of the two-ply cover system was about 

40 the same'o'r slightly less than that of the non-covered re 
?ector, the loss is compensated, from the military stand 
point, by the gain in camou?age characteristics. ‘ 
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Table I l 

45 , 

1 - Wt. of 30 Call 10 can 
Inner Ply Fabric, Cm?/Scc. ()m?/Scc. 

Outer Ply ‘ OLE/IS? for 1/6 See. for 2 Sec. 
t. ’ 

50 ‘= 0. ° 0'. 
Aluminum... none ________________________ .. 12.0 37.0 

, ho. _ (lotionolivngreem. 6.8 17.0 kl-lli.0 
l)o_ _ Nylon olive green". 2.5 21.4 ' 74.0 
Do. Dacronnlivegreem. 2.9 10.0 62.5 
Do ..... __ Wool Khaki _______ ._ 7.-3 6.7 42.0 
Do _____ __ Silk olive groen_____ 8.8 t 6.0 ‘ 8.5 

> Do _____ __ Vlrara brown and 

55 white. 7 1 6. 4 26.5 

As previously noted, untreated cotton showed relatively 
poor overall results due to its unfavorable burning char 
acteristics; this can be overcome by a nitrate treatment. 
Nylon showed a better overall performance=than cot 

ton, but did not perform as well as the other materials 
tested. It was observed that nylon left a smoldering 
residue on the aluminum ply which caused the latter to 
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conduct heat to the interior. This disadvantage can be 
overcome by treating the nylon fabric with copper-8 
quinohnolate. The following table shows the improved 
results obtained by such a treatment. 7 

I Table II 

Temp- Energy 
Material ernture v Observations 

Rise,°0. Gals/cm.1 

Untreated Nylon Oxford- 14.6 . 13.6 Nylon Destroyed— 
. " All ensembles eval 

tinted show a deposit 
of nylon melt on the 
aluminized surface. 

Nylon Oxford treated ' 9.4 13.6 Nylon destroyed, 297 
with copper-8-quiuo- . . of ensembles exposed 
linolate to .01% copper show de osits of 
content. " nylon met on the 

, aluminized surl‘aeo. 
Nylon Oxford treated 11.8 13.6 Nylon destroyed, 43% 
with coppcr~8~quino- , - oicnsornhies exposed 
linclato to .05% copper show deposits of 
content. nylon melt on the 

aluminized surface. 

These results Show that the copper-8-quinolinolate im 
proved the ?ammability characteristics of nylon to such 
an extent that up to 71% of the undesirable nylon melt 
is eliminated, with consequent improvement of the tem 
perature rise results (9.4" C., as compared with 14.6° C. 
for untreated nylon). 

In the case of proteinaceous outer plies (wool, silk, 
Vicara), it was observed that a hard brittle dome-like crust 
formed in the area exposed to the thermal radiation. 
This dome-like crust forms a captive gas space that acts 
as an insulator; the gas contents of the crust being the 
decomposition products of the protein, e.g., nitrogen. 
Even if the dome-like crust does‘ not break and becomes 
a secondary emitter of thermal radiation, the re?ective 
surface is still capable of functioning. If the crust breaks, 
the underlying metallic surface is fully eifective as a re 
?ector. ' 

In a modi?cation of our invention, we have surface 
treated the fabric ply with an alcoholic solution of form 
aldehyde-modi?ed nylon, and used it as an outer ply over 
the metallicply in accordance with our invention. Upon 
exposure to high energy thermal radiation, the outer ply 
formed a foamed coating, providing appreciable thermal 
insulation. Alcohol-soluble formaldehydeLmOdi?ed ny 
lon is shown in US. Patent No. 2,430,860, Cairns. 
An analogous effect was achieved by treating the outer 

fabric ply, e.g., nylon fabric, with a nitrogen-releasing 
blowing agent such as p,p'-oxy-bis-benzenesulfonyl-hydra 
zide, sold commercially under the trade name “Celogen.” 

the two plies may either be secured together by edge fas 
tening and the like, or the covering may be simply formed 

, by draping the fabric ‘ply over the metal ply. 
It will thus be seen that we have provided a highly 

effective protective covering which serves to camou?age 
personnel or supplies against enemy observation and at; 

, fords a high measure of protection against thermal radi 

10 

ation emanating from a nuclear explosion, provided the 
explosion does not occur at so close a range as to be 
within the effective radius of the blast effect. The prin 
ciple of the protective effect of such a covering is the im 
mediate burning off of the outer ply so as to either expbsc 
the re?ectant surface of the inner ply or to provide the 
latter with a gas-containing protective crust of high ther 
mal insulation quality, or a combination of both. a 

While we have described various illustrative examples 
~- for carrying our invention into practice, itis evident that 
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numerous modifications and adaptations. “all within the 
spirit and scope of our invcntionuill readily occur to the 
expert. We intend to encompass any such variations . 
within the scope of the appended claims by which we now 
proceed to de?ne our invention. ' 
We claim: 
1. .Camou?age covering for protection against thermal 

radiation caused by a nuclear explosioh, essentially cori 
sisting of a highly re?ectant non-combustible sheet‘ and 
superposed thereon a quickly combustible cellulosic fabric 
of low re?ectance, said fabric being treated with a ?ame 
propagating agent, said ?ame-propagating agent being am 
monium nitrate; whereby upon the occurrence of a nu 
clear ‘explosion said superposed treated fabric is instantly 

’ burned o?f, and said thermal radiation is re?ected by said 
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highly re?ectant non-combustible sheet. = 
2. Camou?age covering according to claim 1, wherein 

said cellulosic fabric is cotton. 
3. Camou?age covering according to claim 1, wherein 

said cellulosic fabric is rayon. l, 
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4. Camou?age covering for protection against therma 
radiation caused by a nuclear explosion, essentially con 
sisting of a highly re?ectant‘ non-combustible sheet and 
superposed thereon a quickly combustible nylon fabric, 
said fabric being treated with copper-8-quinolinolate as 
a ?ame-propagating agent; whereby upon the occurrence 
of a nuclear explosion said superposed treated fabric is 
instantlv burned off, and said thermal radiation is re?ected 
by said highly re?ectant non-combustible sheet. j 

5. Camou?age covering for protection against thermal 
radiation caused by a nuclear explosion, essentially con 
sisting of a highly re?ectant non-combustible sheet and 

V superposed thereon a quickly combustible fabric of a low 

This caused the formation of a captive gas space similar v} 
to that observed with proteinaceous fabrics. 
The term “metallic sheet,” as used in the speci?cation 

and claims is intended to include, besides all-metal sheet 
material, such re?ectant non-combustible sheet material 
as ?re-resistant metallized, e.g., aluminum-coated, cloth. 
Other re?ectant non-combustible sheet material, such as 

" tightly woven white glass ?ber fabric may be used in lieu 
of the metallic sheet, the outer ply preferably being a 
?amc-propngant-treated fabric. } 
As stated, protective camou?age coverings constructed 

in accordance with our invention may be used to cover 
inanimate objects, e.g., stacks of ammunition, rations or 
other supplies, or may be used to provide covering for 
military personnel. If used for the protection of sup 
plies, such coverings are advantageously in the form of 
a tarpaulin. If used as a personnel protectant, the cov 
ering may be in the form of a garment such as a poncho 
or hood. A tent made of protective covering in accord 
ance with the present invention may be used for the pro 
tection of personnel, materiel or both. ' The physical con 

. struction of the foregoing and other types of covers is no 
part of our invention inasmuch as such construction will 
be on conventional lines. It is sufficient to point out that 
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75 ‘bustible sheet is instantly formed. ' ? 

re?ectance, said fabric being treated with a nitrogen-rc 
leasing blowing agent; whereby upon the occurrence of 
a nuclear explosion said superposed fabric is instantly 
burned off, and a heat-insulating nitrogen-gas~containing 
crust cooperating with said highly re?ectant non-‘combus 
tible sheet is instantly formed. j 
f 6. Camou?age covering according to claim 5 wherein 
said fabric is nylon. ' ' _ j 

7. Camou?age covering according to claim 5 wherein 
said nitrogen-releasing blowing agent is p,p'-oxy-bis-bcn 
zenesulfonyl-hydrazide. , _ 

8. Camou?age covering according to claim 6 wherein 
said nitrogen releasing blowing agent,is p,p'-oXy-bis-ben 
zenesulfonyl-hydrazide. * ' . 

9. Camou?age covering for protection against thermal 
radiation caused by a nuclear explosion, essentially con— 
sisting of ‘a highly re?ectant non-combustible sheet and. 
superposed thereon a quickly combustible fabric of low 
re?ectance, said fabric being treated with ‘a solution of 
alcohol-soluble formaldehyde-modi?ed nylon; whereby 
upon the occurrence of a nuclear explosion the super~ 
posed fabric is instantly burned off, and a heat-insulating 
‘foam cooperating with said highly re?ectant non-com 
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10. Camou?age covering according to claim 1, wherein 
said non-combustible re?ectant sheet is aluminum. 

11. Camou?age covering according to claim 4, where- , 
in said non-combustible re?ectant sheet is aluminum. 

12. Camou?age covering according to claim 5, wherein 
said non-combustible re?ectant sheet is aluminum. 

13. Camou?age covering according to claim 9, where- i 
in said non-combustible re?ectant sheet is aluminum. 
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