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SUM/AAR Y 

A study was conducted to determine the relative effectiveness of 
aluminum-foîl-on-fabric and three other types of heat-reflecting textiles* 
fof use as protective barriers against intense thermal radiation. The 
three groups consisted of 

a. aluminum deposit on- fabric, 

b. white organic coatings on fabric and 

c. bleached white goods. 

The temperature-tîme histories of human skin and an epoxy-resin skin 
simulant contiguous to the Irradiated cloth indicate that for a given 
radiant exposure the temperature rise of the backing behind the fabric 
with the aluminum foil coating is one-fifth that behind the bleached- 
goods group whereas the temperature rise of the backing behind the fabrics- 
with the aluminum deposit and those with the plastic coatings is one- 
third that behind the b I each,efj-goods group of cloths. Except for the 
bleached-goods group, which showed a high thermal resistance, but also a 
high transmittance, it may be expected that these heat-reflecting tex¬ 
tiles will serve as effective barriers to intense thermal radiation pro¬ 
vided they are separated from the background, in which case the backing 
will be damaged only negligibly before they are destroyed. It must be 
recognized that Impairment of the textiles1 reflective character istics 
by soiling, laundering or abrading will reduce their proteótive qualities. 
The aluminum-on-cloth fabrics laundered poorly and exhibited low abrasion 
res istance. 
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ADMINISTRATIVE INFORMATION 

I« This investigation is part of the program initially proposed by 
Commander, New York Naval Shipyard, Confidential (etter S99/L5» Serial 
960-92, of ll| March 1950 and formally approved by Bureau of Ships 
speedletter S99(0)(3Í4Ô), Serial of 6 April 1950* The Thermal 
Radiation Program at the Naval Material Laboratory is under the super¬ 
vision of the Armed Forces Special Weapons Projecto 

2o The attention of the Naval Material Laboratory was first directed to 
the possibilities' of PYRE-ARMOR by E® Cherubrier, the Clothing Supply 

Office (Research and Development Division), Do So Naval Supply Activities, 
Brooklyn, New York, who also measured the physical characterîstîcs of the 
various cloths, as reported herein® 

3o This investigation was planned and executed under the direction of 
T* I» Monahan, Supervisor of the Optics Section® 

INTRODUCTION 

I4.0 As part of its general thermal radiation program, the Naval Material 
Laboratory Is investigating the heat resistance and protectiveness of 
textiles and other materials against the hazards of the intense thermal 
radiation of nuclear explosions. The ray-ref Iectîng properties of certain 
paints, metallic surfaces and coatings have been used in the development 
of materials for protection against the radiant heat* One of the more 
recent developments'in this field is a method to bond aluminum foil to 
textiles for the manufacture of protective clothings, known as Fyre-Armor 
This report compares the effectiveness of Fyre-Armor as a thermal barrier 
with three other different types of heat-reflecting textiles* Thermal 
degradation effects of the cloths and the temperature increases of substances 
behind them were used to determine-the relative-degree ,of: prphe.çt ioh which may 
be expected from these textiles if employed as canopies, cargo hold covers, 
curtains, tenting and protective clothing® 

EXPERIMENTAL APPARATUS AND PROCEDURE 

5» The source of thermal energy was a carbon arc, an Ellipsoidal reflec¬ 
tor being employed to collect and condense the emitted radiation. The 
specimens, measuring |J> x 1; inches, were placed at the secondary focus, 
at which the irradiance was about 1I4.-I6 cal/cm^sec. An epoxy-resin skin 
simulant, with a surface, embedded thermocouple, was located zero and 2 mm 
behind the specimens when they were irradiated* For each of these 
positions, a recording potentiometer, modified to close the shutter after 
a preset deflection was reached, charted the temperature-time histories 
of the skin simulant. Exposures were made with the. reflecting side facing 
the source, and with the fabric side facing the source. In some cases, 

h 
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the untreated fabric was irradiated. The maximum temperature rises, time 
of exposure and thermal effects during and after exposure tò the radiation 
were noted. Similar exposures were made with human skin as the backings 
the temperature-time histories were obtained by means of a very fine thermo¬ 
couple stretched lightly over the heel of the hand. The exposure cut-off 
was set for a deflection of 10 scale divisions, which correspond to approxi¬ 
mately I0°C. Specimens in front of skin were kept taut with a 150 gnu 
weight hung from the lower end of the cloth. Small screw clamps held the 
specimens secure in front of the epoxy block. All samples were conditioned 
in an atmosphere of 65 per cent relative humîdî'ty at room temperature for 
a minimum of 21; hours. The critical radiant exposures (cal/cm^),to cause 
destruction were determined,using the dynamic-exposure source method3>4. 
Physical properti'es, including reflectance, transmittance and absorptance 
for the carbon-arc spectrum, were determined for each textile. Some of 
the aluminized cloths were tested for laundering and abrasion resistance, 
using the normal textile testing methods^. 

RESULTS 

6, The four heat-reflecting textiles are grouped according to the nature 
of their reflecting surfaces. A description of the cloths and some of 
their physical properties are listed In Table T# The thermal effects 
resulting from the degradation of the materials during and after expo¬ 
sure are given in Table 2, Included are data in terms of the radiant 
energies corresponding to some of these effects. The epoxy resin maximum 
temperature increases (0c/cal/cm¿)3 given in this table, were derived 
from one and. In some cases, two experiences for each cloth situation 
listed. The temperature-time histories of textile-covered skin were 
determined only for the 2mm spacing condition and at least three expo¬ 
sures were made for each cloth situation. The lowest of the three maxi¬ 
mum temperature increases was used ¡n calculating the data of Table 3* 
which gives the estimated radiant exposures to cause a 2+ mild burn. 
These values are not intended to be exact and may be as much as 50 per 
cent in error. They do, however, indicate the high permissible expo¬ 
sures. Table 1; lists the physical test data for some of. the. aluminum¬ 
faced whole cloths and base fabrics. Critical thermal energies to cause 
Initial destructive effects are reported in Table 5* 

ANALYSIS 

7o The three significant physical properties of these textiles appear 
to be weight, carbori-arc reflectance and transmittance. In general, 
within each group, the temperature increases of the epoxy skin simulant 
behînçj .the heavier fabrics were lower. Even though the bleached white 
goods had the highest thermal resistance, the temperatures of the backing 
were greater in these cases than those obtained behind the other' groups. 
This was undoubtedly due to its greater transmittance, which was as 
great as [0 per cent, compared to 0 and I per cent for the aiuminum- 
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surfaced cloths. The 2+ mild burn criteria are based on data drawn from the 
Maval Matéria ftioora tor y Reporten the ’’Use of Polyethylene as a Physical 
Measuring System for Evaluating PhysÍo[og!ca¡ Burns Behind Fabrics^, Figure 
19* and using temperature rises 0.¾ times those for polyethylene. These 
values., obtained by stral ght-l Ine extrapolation over a wide range of ex- 
posures^ are considered valid for comparing the thermal resistance of the 
various groups. The destruction data indicate the degree of protection 
which may be expected« for most equipment«, to the point where the textile 
Is destroyed. It must be recognized that protection by these fabrics 

•depends upqn their ability to retain a'high reflectance and negligible 
transmittancee Physical tests indicate that these, properties may be 
considerably altered by machine SaundeMng and abrasion, limiting thereby 
their effectiveness as thermal barriers. In addition, the non-durablq 
flameproofing treatments of the basic fabric to which the Fyre-Armor is 
applied, and of other base fabrics were of no valise after washing. 

CONCLUSIONS 

8. The application of a highly reflecting surface to a base fabric 
appears to increase protection by a factor of approximately 
depending upon whether the base fabric !$ glass, asbestos^ or fiame- 
proofed co.tton, respectively. The pluminum foil on fabric type of heat- 
reflecting textile, known .as Fyre-Armor, is considered the best thermal 
barrier for protection of, heat-sensitive substances against Intense 
thermal radiation. Next In order of effectiveness are the aluminum 
deposits on fabric and organic còatíngs on fabric. When these barriers 
are spaced away from the backing^ they are likely to be destroyed before 
any thermal damage to the backing ensues© For certain applications 
in which a limited degree of added, protection is required, the bleached 
white goods are believed to be effective© ]f is acknowledged that high 
reflectivity neqessary for continued maximum protection and that the 
usefulness cf these'text i íes may be limited In applications where soil¬ 
ing or damage are likely to modify the optical properties cf the surface. 

APPROVED j 
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TABLE 3 

Radiant Exposures (oal cm2) to Yield 2* Mild Bums on Skin 
__Protected by Heat-Reflectinc Textiles 

tTTTTTT ninrm ^- 

TEXTILE 

Ooiç) I 
(Aluminum Foil-orr-fabric) 

F^e-Armor-7D64* R296 
FSrre-Armor-7D6 4-22C 
ityre-Armor-Asbeston #1 
Fyre-Armor-4D58-R2 96 

Group II 
(Aluminum Deposit on fabric) 

3M-24H120 
3M-35BT115 
31VFlameproofed (lO oz) Tan 
3ÎV131 Finish No. 138 
3M-S-915A 
SÎ^Flameproofed Cotton Drill 275 

Group III 
(Organic Coating on Fabric) 

Silicone - 3016 
Vinyl - 126 

Group IV 
(Bleached White Goods) 

100$ Bleached Duck 
50$ Bleached Duck 

"Skin 
2 m 

Ref leo ting Side 

98 
56 

129 
70 

83 
75 
37 
77 
39 
33 

100 
38 

17 
16 

¿poxy 
2 nm 

77 
80 
58 
48 

53 
46 
42 
26 
34 
24 

26 
25 

18 
16 

Epoxy 
Û nm 

32 
33 
29 
37 

31 
26 

.25 
27 
27 
17 

13 
12 

15 
12 

"fabric 
Side 
Epoxy 
2 m 

50 
22 
23 
30 

24 
25 
23 
12 
13 
16 

18 
16 

■rasrPTCHIC ONLY 

Sküi 
2 mm 

27 
27 

33 

30 
22 
16 

18 
10 

17 
16 

Epoxy 
2 mm 

12 
12 

15 
20 
12 

19 
8 

18 
16 

Epoxy 
0 mm 

12 
13 
10 

me 

10 
7 

15 
12 



Material Laboratory Lab' Project 5046-3 Part 77 
Final Repoi-? 

TABLE 4 

Physical Test Data of Some Metaled Textiles and their Base Fabrics 

-7 
Asbeston #1 

WïïoTe 

Fernas Y 

PHYSICAL TEST 

Warp 
Fill 

Fabric Count: 

Weave : 

Weight: 

Weight of Foil! 

Thickness: 0,1 lbs 
1,1 lbs 

Tear Strength: Warp 
1 (Elmendorf Heavy 
Duty) Fiji 

Breaking Strength: 
Warp 

(Scott Tester) Fill 

hydrostatic).Coating Up (lbs) 
Mueller )’Coating 

down (lbs) 

Flammability: Char Length 
(Vertical Flame 
Test): ' (in) 

(oz/yd2) 

(os/yd2) 

!S1 
(gms) 

(gms) 

lbs) 
lbs) 

Afterglcw (sec) 

FA-7D64-R296 
(a) 

Base 
Fabric 

“WHÕTT 
Cloth 

63 
47 

11.4 

0,033 
0, 028 

3100 

2600 

153 
123 

64 
48 

HBT 

14.0 

2.6 

0,031 
0,025 

3200 

3600 

190 
152 

22 

200 

i 7/e 

None 

FA-4D58-R296 
"Base 
Fabric 

Whole 
Cloth 

97 
62 

7.2 

0,024 
0,018 

2200 

2500 

96 
90 

102 
59 

HBT 

2,7 

9.9 

0.023 
0.020 

1900 

2350 

130 
115 

37 

112 

2 3/4 

None 

Cloth 

11.3 

0.026 
0.022 

2600 

2700 

119 
118 

38 

82 

Proof 300 
k Whole"" 

Cloth 

88 
53 

HBT 

9,1 

0.019 
0.019 

2600 

2100 

Permeable 
Fabric 

(a) Aluminum Foil on Fabric Types 
(b) Aluminum Deposit on iFabric 



CAUTION 
on 

TABLE 5 

THIS TABLE CONTAINS THE NAMES OF MANUFACTURERS WHOSE 
PRODUCTS ARE DISCUSSED IN THIS REPORT_ IT IS REQUEST¬ 
ED THAT THE PROPRIETARY INTERESTS OF THE MANUFACTURERS 
BE OBSERVED 



Material Laboratory 

TABLE 5 

Lab* Project 5046-3 Part 77 
Pinal Report 

Critical Thermal Energies of Heat“Reflecting Textiles 

TEXTIIÜ 
"Sxc^a o e char 

(cal/oar) 

wmm tmms 
yoal/oa^ ; 

TRpñlí 
.oal/om* 

ts 

W Groiçi I 
(Aluminum Foil on Fabric) 

F^ô-Armor 7D64-R296 
F^r^Armor 7D64-22C 
îSrre-Amor Asbeston #1 
F^e«» Armor 4D58-R296 

(^) Group II 
(Aluminum Deposit on Fabric) 

3M-24H120 
3I^>3 5BT115 
3M-Flameproofed (X0 02) Tari 
3IVI3X Finish No* 138 
3M-S-915A 
31^Flameproofed Cotton Drill 275 

Group III 
(Organic Coating on Fabric) 

fe)Silicone - 30X6 
1(1 ^ Vinyl - 126 

61 
75 
49 
41 

69 
174 

49 
78 

M Group IV 
(Bleached White Goods) 

10C^ Blea-shed Duck 
5(yfo Bleached Duck 

27-34 
21 
5-14 
14-17 
22 
4.0 

21 
18 

72 
69 

91 
94 
28 
41 
69 
16 

88 
72 

118 
119 

(a) 

fb) 

(c) 

(d) 

(e) 

the American name for the European invention TEMPEXt sponsored in this country 
by FAR-EX Corporation3 75 West Streetj, N@w York 6, New York* * 

3H Brand. - Aluminum Fabric Finish § Minnesota Mining and Manufacturing Company 
New Products Dlesion 
367 Grove Street 
St* Paul 69 Minnesota 

Connecticut BM Rubber Company, N^w and East Streets, New Haven 9, Connecticut 

Mobile Plastios Company 

Submitted by? Wright Air Development Center (Spec* CCC~D“77l) Tvn® III 
Dalton, Ohio ^ 

i# 
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