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IS. ASSISACT

The Navy Clothing and Textile Research Unit (NCTRU) has developed an inprovd
neoprene-coated, aluminized, 1.2-pound asbestos (underwriter's grade) cloth to
replace the neoprene-coated,, alumninized, l1-ouuice, glass/asbestos cotton fabric
for use in shipboard firefighter's coveralls. In prior testing, the neoprene-coated,
aluminized, 1.2-pound asbestos cloth demontrated significant impzv ,ements over the
neoprene-coated, aluminized, 11-ounce, glass/asbestos, cotton fabric in both durability
of the basic cloth and abrasion resistance of the aluminum coating- The anticipated
problems of excessive stiffness and veight and reduced tear strength that an Integral
neoprene coating would cause for the aluminized, 1.2-pound asbestos fabric did not
occur. iii Improved cloth shoved only a slight increase in neoprene coating weight
and stiffness. Adequate vater resistance Vas obtained while the tear strength vas
not compromised as compared with the non-neoprcne-coattid, aluminized, 1.2-pound
asbestos cloth.* Garments made from this improved cloth werie found to be satisfa~ttoi'
by firefighters for the desired end use. Test results also justifY the Use of thi
Cloth as. n replacement for the neoprene-coated, aluminized, 11-ounces glasslasbestos,
cotton fabric, used In firefighter's coveralls. (Ui)
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ABSTRACT

The Navy Clothing and Textile Research Unit (NCTRU) has developed
an improved, neoprene-coated, aluminized, 1.2-pound asbestos (underwriter's
grade) cloth to replace the neoprene-coated, aluminized, 11-ounce, glass/
asbestos, cotton fabric for use in shipboard firefighter's coveralls. In
prior testing, the neoprene-coated, aluminized, 1.2-pound asbestos cloth
demonstrated significant improvements over the neoprene-coated, aluminized,
fl-ounce, glass/asbestos, cotton fabric in both durability of the basic
cloth and abrasion resistance of the aluminum coating. The anticipated
problems of excessive stiffness and weight and reduced tear strength that
an integral neoprene coating would cause for the aluminized, l.2-pound
asbestos fabric did not occur. The improved cloth shoved only a slight
increase in neoprene coating weight and stiffness. Adequate water resis-
tance was obtained while the tear strength was not compromised as compared
with the non-neoprene-coated, aluminized, 1.2-pound asbestos cloth. Garments
made from this improved cloth were found to be satisfactory by firefighters
for the desired end use. Test results also justifY the use of this cloth
as a replacement for the neoprene-coated, aluminized, 11-ounce, glass/
asbestos, cotton fabric, used in firefighter's coveralls.

Precdilag page Ilk



DEVELOPMENT OF AN INTEGRAL, NEOPRENE-COATED, ALUMINIZED,

ASBESTOS CLOTH FOR FIREFIGHTERS' SHIPBOARD COVERALLS

INTRODUCTION

A neoprene coating has been successfully applied to the back of an
aluminized, 1.2-pound, asbestos, herringbone-twill cloth for use in
firefighter's shipboard coveralls. The Navy Clothing and Textile Research
Unit (NCTRU) developed the cloth at the request of the Naval Supply Systems
Command to replace the neoprene-coated, aluminized, 11-ounce, glass/asbestos,

cotton fabric (1).

Without the neoprene coating the aluminized, 1.2-pound, asbestos,
herringbone-twill cloth had demonstrated an ability to significantly extend
the durability of both the basic fabric and the aluminum coating of proximity
firefighter's clothing (2). (A separate vapor barrier lining (neoprene-
coated nylon taffeta) was used with this cloth in place of an integral
neoprene coating to protect the firefighter against steam burns.) Labora-
tory evaluation of the 1.2-pound, aluminized, asbestos cloth with the
integral neoprene coating has shown it to possess acceptable levels of
weight, stiffness and water resistance without loss in tear strength. Con-
sequently, the use of this cloth as a replacement for the neoprene-coated,
aluminized, 11-ounce, glass/asbestos, cotton fabric, used in firefighter's

coverai!3, is justified by the results.

This report deals with the evaluation of various weights (ounces per
square yard) of neoprene applied to the back of three types of aluminized,
12-pound, asbestos, herringbone-twill cloths. Specifically, it studies
the effects of an integral neoprene coating on the physical properties of
these aluminized cloths and the suitability of the neoprene coating for
use as a vapor barrier to protect the firefighter from steam burns.

BACKGROLTND

The neoprene-coated, aluminized, 11-ounce, glass/asbestos, cotton
fabric was developed by the Navy for use in two-piece garments (coats
and trousers) to be worn at Naval Air Stations and in coveralls to be
worn aboard aircraft carriers fcr pilot rescue in crash situations.
The coveralls were also used for damage-control purposes aboard ship.

The basic fabric consisted of an all-glass fiber warp and a ply-
yarn fillng of asbestos/cotton plied with a glass fiber. The face of
the fabric had a highly reflective vacuum-deposited aluminm surface,
which permitted limited exposure in close proximity to a fire, thus
allowing the firefighter to effect a rescue or to enter hot spaces
during shipboard fires. The back of the fabric was coated with a fire-
retardant neoprene coating, which functioned as a vapor barrier
protec'ing the wearer from possible steam burns and preventing the basic
fabric from rapidly wicking up flamiable fuels (3).



Garments employing this aluminized, glass/asbestos fabric were in the
supply system for a short time before unsatisfactory reports were received.
The firefighters complained of cracking at extreme flex points (knees and
elbows), edge abrasion, rips azix tears, which were directly attributed to
the large percentage of glass yarn (Figure 1). (Low flex and abrasion
resistance are characteristics of glass fabric.) In addition, the aluminum
coating exhibited poor abrasion resistance, resulting in a rapid loss of
infrared reflectance. This loss was caused by the extreme thinness of the
aluminum coating, which was inherent in the method of manufacture.

After the U. S. Naval Supply Research and Development Facility, the
predecessor of NCTRU, received the ta5k of engineering a new cloth,
significant advancements were achieved. Abrasion-resistat aluminum coat-
ings were developed which significantly increased the cloth's ability to
retain its reflective properties. Concurrently, improved durability of
the basic fabric was attained by replacement of the glass/asbestos cotton
fabric with a 1.2-pound (underwriter's grade), asbestos, berringbone-twill
cloth. (This improved aluminized cloth is currently used as the outer
shell for the two-piece proximity firefighter's. ga-ment (4, 5). Technical
requirements for the cloth are listed in reference 6.)

Because of the added thickness and weight of the 1.2-pound, asbestos
cloth, it was originally thought expedient to utilize a separate vapor
barrier, neoprene-coated, nylon-taffeta fabric, for the two-piece garment,
instead of the integral neoprene coating employed in the lighter weight,
glass/asbestos, cotton fabric to achieve adequate water resistance. It
was visualized that the application of an integral neoprene coating would
result in excessive stiffness and an unacceptable increase in coating
weight on the rough-textured asbestos cloth. It was also foreseen that
a loss in tear strength would result. However, in view of the savings
in both material and manufacturing costs that would be realized by the
use of an integral neoprene coating, this approach was investigated for
the shipboard coverall cloth to determine the extent of the anticipated
problems.

MATERIALS

An earlier report on heat reflective fabrics covered the developv.
ment of an aluminized, 1.2-pound, asbestos, herringbone-twill cloth (2).
This cloth exhibited a significant improvement over the neoprene-coated,
aluminized, 11-ounce, glass/asbestos, cotton fabric, both in durability
of the basic fabric and of the aluminum coating. (This cloth, currently
used as the outer shell for firefighter's coat and trousers, is covered
by reference 6.) Accordingly, for the development of a more durable
shipboard coverall fabric, similar asbestos cloths and abrasion-resistant
aluminum coatings were used. The basic, 1.2-pound (underwriter's grade),
asbestos, herringbone-twill cloth was selected because it was non-flammable,
durable and commercially available. (The designation, underwriter's grade,
indicates that the fabric contains from 15-to-20-percent cotton, which is
used as a carrier in spinning the asbestos yarns.)
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Abrasion-resistant aluminum coatings are currently be _ng applied to
the cloth by two methods for use in Government garment contracts. In
M.ethod 1 aluminizatlon, a l/h-mil polyester film about 41 inches wide in
continuous roll form is passed through a chamber which vacuum deposits an
alumtr.um i-.ating on one surface. The process is then repeated on the
:e'erae side. Next, the double-coated film is permanently laminated to
the basic fabric by means of special adhesives.

With Method 11 aluminizatior., the aluminum coating is deposited on
one s.'de of a c€ntinuous roll of acetate film and then a heat-sensitive
adhesive is applied over the vacuum-deposited aluminum coating. Finally,
,the alum:n.zed "transfer film" is laminated to the face of the asbestos
fabric. This alum:nizatxon method differs from the preceding technique
In that the acetate film is stripped from the aluminized fabric and dis-
::arded. In their ftnnl form both types of aluminum coatings attain a high
degree of abrasion resistaice. The flame-retardant-treated neoprene
coatirg, normally applied before all aluminization, is applied to the cloth
in tuch a manner as to be compatible with the basic cloth and to assure a
quality coating.

The fin.shed, coated fabric is intended to be used in a heat protective,
life-aaving coverall, without the addition of insulation. Thus, it is
crucial that the component coatings be properly prepared and applied.

The foiloving fabrics (see Tables 1, II and III) were selected for
the development uork discussed in this report. (It should be noted that

the listed fabrJcu are not samples but represent minimum 4O-yard rolls.)

1. rabrics A and B are 1.2-pound (underwriter's grade), asbestos,
3/1 herrirgbone twill, reversing on 15 ends and containing 35 ends by
2T picks per inch. The Method II abrasion-resistant. aluminum coating
vas applied to the face, with an integral neoprene coating applied to
he back before aluminization. (Temperature, pressure, time and coating
formulations were kept to very close tolerances.)

2 Fabric C was manufactured in a similar manner to Fabrics A and B,
ex:ept that the basic fabric contains a fire-retardant finish for the
flaable cotton content (80% asbestos/20% cotton). This finish ta
required for the outer shell fabric of the firefighter's coat and trousers.

3. fabric D, employing Method I aluminization, is siilsr to Fabrics
A and B In basic fabric and neoprene coating. Abrasion resistance to the
altunium .oating is obtained by the use of a plastic film ove'lay, vhich

enhances other properties of the coated asbestos fabric. If the film
i ra; priperly applied, howeverg it will "pop off" when subjected to a
'-,binaton of humidity, temperature, chemicals, etc., during uses

. Fabric E, which also employs Method I aluminiation, contains
tr.e asbtstas fabric and the neoprene coating conforming to Fabrics A
and B. The plastic film is retained in like manner and for the same
parr~oe as Fabric D--to impart abrasion resistance to the aluminum



5. Fabric F, Coverall Fabric, confo.us to Military Speificatio
HIL-C-21890 and contains an integral neoprene coating on the back- It
should be r.oted that the Military specification does not require a
"Reflectivity After Abracion" test. This fabric, vhich contains a gl8s
varp and a glass-plied asbestos/cotton filling, vas include6 as a control.

6. Fabric G, Standard Coat and Trousers Fabric, is the same as
Fabric C (fire-retardant finish) but does not have an Interal neoprene
coating on the back, The aluminized fabric, used in the garment vith a
sepa'ate vapor-barrier fabric, is covered by reference 6. It vas included
as an additional control fabric.

TEST MTIIODS

Tests referred to in Tables I, 11 and III are those described in
references 6 and 7, as follows:

Weight Test Method 5Oh]
Texture Test Method 5050
Breaking strength, grab Test Metbhod 5100
Tear strength, Elmendorf Test Method 5132
Flame re3istance, vertical Test Method 5903T
Stiffness, bending moment Test Method 5202
Blocking (heat resistance) Test Method 5872
Water resistance Test Method 5512
Water resistance after low temperature Test Method 58Th b 5512
Water resistance after adhesion of coating Test Method 59T2 & 5512
Reflectivity after abrasion mnL C-822h9B
Adhesion of aluminum coating MIL-C-822911
Resistance t3 lov temperature MIL-C-8229B



Table Laboratory Data Shoving Stiffness of Selected Fabrics I

Fabr.:s Neoprene Coating Weight Stiffness2 (inch-pounds)
(czlyd2 ) Wart Filling

A 4. 1 0.051 0.04-7
B 6.0 0.032 0.034
C3  7.7 0.032 0.076
D 5-1 0.056 0.063
E 4 1 0.068 0.056
F 4.0 0.019 0.008

0.035 0.031

iEacn figure represents an average of 10 readings.

Moment weight--O.155 pcund.

3Fire-retardant finish-

Tabie .7. Laborat-.ry Data Showing Water Resistance of Selected Fabricr
1

Fabr^.s Neoprene Coating Water Resistance (PSI)2

Weight %oziyd2J Initial After Low After Adhesion
Temrerature3  of Coating

A 4 1 105 42 91
B, 6.0 70 14 15

77 88 28 72
5.1 269 TO 269

E 4.8 214 38 208
F 4.0 110 77 42

iEa:h figure represents an average of five readings.

2 Fabfizs tested w4th aluminum side facing water.

3-20°4 for one noeir,

4 Piasti- film cver .ay.

5
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DISCUSSION OF RESULTS

Durability

As reported in reference 2, improvement over the abLinized, 11-0anes
glass/asbestos fabric was accomplished in both the durability of %be base
fabric and the aiuomnum coating. That -eport incivaa data fVM 13&bQVstc
evaluations and field trials. Impr-ve-ents occureO ,b the baic 41144
asbestos fabric was replaced by the more durable 1.2-pimi, sbests,
herringbonetvill fabric, which greatly extended te UZe-l.1fe of the basic
fabr i . Abrasion-resistant aluinnm coatings were als0 6WvIqied tat
significantly improved the retention of reflective proCVetie Of te IVM-
inum coating over longer periods of time. Test Garact coutaISIDg the
improved cloth were worn by the crish rescue crew of both the la a Air
Station, New York, and the Naval Air Station, Xorfolk, Tirg1imi, fm L
period of fifteen months. Results from the fie *val*%%1MX calfirse
laboratory test data which shoed the ability of the abwaa1i-realStaa
finish to retain its heat reflective yroperties f.r longer periods of t13e
than the aluminum coattng on the glassiusbestzs fatirc. Mw
asbestos fabric proved to be =ore durable tha th l- -e. g abat
fabric and test subjects indicated that they wmmJA wlIms OCcp the
added weight. Daring this test period. It was felt tbat h- Ue of a
separate vapor barrier would offer advantages i- the test gsr %% &ta
it was thought that the integral neopr"e coati g cc the 1-0. e glassI
asbestos fabric coitribated to reduztion of the tear streogth wM Iseces.4
susceptibility to edge abrasion.

Based on the reported results confirzing the L razvd q&vabiit of
the aduminun coating and basic asbestos fabrie and user acceptability of
g..irments made from this fabric, KC12M concluded that a maps costiag

applied to the bak of the Improved fabric sald be investigat d for Vee
in shipboard coveralls.

Coveralls containing the improved ned pren oed, "iniud, abests
fabric (Figure 21 were worn by firefighters aboard two aircraft carriers,
the USS AMERICA (CVA-663 and the tES SARATOGA (CTA4-0) amd at the Xaval
Damage Control Training Center, Philadelphia, Pennsy L ia, and the V. S.
Naval Schools Command, San Francisco, Calift i (8, 9, 10 and 1,
respectively). Questionnaires sent with the test garments did not
specifically request co ne"ts on the durability of the Improved cloth as

compared to the glassasbestos cloth. Eowever, ca nts fro both the
aircraft carriers and the Naval firefighter training centers were in
agreement that the te.t coverall is an improvement and a satisfactory
repiacement for the glass/asbestzs coverall. Reference 8 states that, I.
General, the experimental outfit was superior to the neoprene-coated,
aLuminized, glass/asbestos Navy suit. The reflective qualities vere far
superior. References 9 and 10 are in agreement that the improv*d outfit
was satisfactory to replace the glass/asbestos clothing, and re!erence 11
comments that there was considerable improvement over the gl&s/asbestos
clotning.

As previously discussed, it was felt that an integral coating on the
aluminized asbestos cloth might increase its stiffness, reduce its tear
strength and require an excessive weight of neoprene to meet minimni
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water-resistance requirements. For the current development program,
therefore, a laboratory evaluation was conducted on five sample lots of
coated fabrics. Results of the more important physical properties are
discussed in the following paragraphs (see also Tables I, II, and .III).

Sti ffness

StiffnezS of the neoprene-coated, aluminized, asbestos fabric may
be affected In the effort to meet its many operational requirements.
Two of these are non-flammability and protection of the firefighter against
steam burn-s. Accordingly, stiffness values between fabrics can vary if
the manufactures decde that to produce acceptable fabrics they must
increase the neoprene-coating weight and/or add a fire-retardant finish to
the basic cloth. Stiffness values can also be affected by poor manufacturing
controls of the laminating process (heat, pressure and time), use of
abrasion-resisant, aluminized, plastic films, and changes in type and
weight of bonding adhesives.

Table 1 shows stiffness values of the selected fabrics. The standard,
aluminized, 1.2-pound, asbestos cloth has a maximum stiffness requirement
of 0.055 inch-pounds for the warp and filling (6). Fabrics F and G exhibit
moderately low stiffness values. Values for Fabrics A and B are 0.051 x
0.047 and 0.032 x 0.034 inch-pounds, respectively. The two, aluminized,
plastic-film fabrics, D and E, exhibit fairly close values In the warp and
filling of 0.056 x 0.063 and 0.068 x 0.056 inch-pounds. While stiffness
values fur Fabric C are relatively high, it should be noted that Fabric C
coatains a fire-retardant finish and a neoprene-coating weight of 7.7 oz/yd2

which contributes to the higher values.

Based on the analysis of laboratory data and current manufacturing
techniques, the higher stiffness values realistically indicate the

practices of fabric manufacturers.

Water Resistance

Minimum water-resistance requirements of 30 psi initially and of 25
psi after low-temperature and adhesion-of-coazing tests were established
for Fabric F used in the shipboard coverall (3). Table II shows water
resistance fcr the selectel fabrics. Fabric F exhibits 110 psi initially,
77 psi after low-temperature tests and 42 psi after adhesion-of-coating
tests. (Tie use of fine-glass yarns in a tight plain-weave construction
permits the use of a minimum weight of neoprene coating.) The very high
values exhibited by Fabrizs D and E can be directly attributed to the
impermeable plastic film employed to retain a high degree of reflectivity
after abrasion. All aluminized, plastic-film laminates will exhibit
extremely high water-resistance values. Therefore, the problem of meeting
the minimum water-resistance of 30 and 25 psi is confined to Fabrics A,
B, and C employing Iethod T aluminization and not to fabrics containing
the plastic-film laminate. Analysis of Table II data indicates that a
neoprene coating weight of 4.1 oz/yd2 for Fabric A rermits adequate water
resistance. Fabric C, with a 7.7 oz/yd2 coating weight, also meets the
minimum requirements, but it exhibits a lower water-resistance value than
Fabric A. Fabric B did not pass a 25-psi minimum after low-temperature
and adhesion-of-coating tests, but showed values of 14 and 15 psi,
respec':vely.

8



In view of the limited data shown in Table II, a maximum coating weight
of 8.0 iz/yd2 should be considered for the fabric selected for use in
shipboard coverslIs.

Tear Strength

It was originally visualized that there would be a significant reduc-
tion in o. ear strength when the neoprene coating was applied to the back of
aluminized asbestos fabrics. It is well known that the tear strength of
fabrics are compromised when the yarns within the fabric structure are
restrtcted ffom moving freely.

Table 11-I shows, however, that the values exhibited by Fabric G and
Fabrics A through E are fairly uniform with only slight differences in tear
s-rength. Analysis of these values indicates the following facts. The
adhesive coating, used to bond the aluminum coating to the base fabric, has
restricted the movement of yrns within the fabric and caused an initial
lois In tear 3srength iThe tear strength of the basic asbestos fabric
without aiui.znization is about 11.9 pounds x 9.9 pounds while the aluminized
a-bestos cloth shows values of 9.9 pounds x 8.7 pounds (2)). The addition
of a neoprene coating to the back of the aluminized fabrics does not con-
ti-nue to sign:ftcantly reduce the tear strength (Table III).

Fabric F shows the effect on tear strength of the all-glass warp as
compared with the glass/asbestos filling. The all-glass warp exhibits a
value of 3.8 pounds vtile the filling has a value of 9.3 pounds. It can
be assu;-ed that, if the warp also contained glass/asbestos yarns, its
tear strength would be equally as high as that of the filling with a
corresponding increase in garment durability.

Variables Affecting Final Weight of Fabrics

Fabrics A through E varied in weight in accordance with the weights
of the basic fabric, aluminum coating, neoprene coating and fire-retardant
fxn.h The basi: asbestos fabric is designated by industry to weigh
19 cz-iyd 2 - 7%. M his tolerance is not always maintained, however, and
basic fabrics have been manufactured that weigh as high as 22 oz/yd2.
The aluminum surface, a vacuum-deposited coating, should have no effect
on the finai weight A change in weight, however, can be expected accord-
ing t; the amount of adhesive used. If it is used in conjunction with a
plast c film overiay, the adhesive, not the 1li-mll plastic film, produces
the r.ajor variati-3n in weight of aluminum coating systems. As a result,
the weight .)f the aluminum coating between fabrics could differ by about
1.5 oz' yd2 . Neoprene coating has a greater potential for weight variation.
Data .ndicated that a coating weight of from 4 to 7.7 oz/yd2 should be
anti cpated Additional weight of about 2 oz/yd2 can also be expected if
the basic fabric :s treated with a fire-retardant finish.

When the maximum weight requirement for the coated fabric is considered,
the lightest weight possible would be most advantageous. Table III data
show an acceptable weight of 29.6 oz/yd 2 for Fabric C; therefore, 30.5
oziyd2 could be considered a standard, maximum, finished weight.

9



Additional Fabric Characteristics

Data in Table III show additional constructional features and physical
properties of the seiected fabrics. Fabric F failed the reflectivity-
after-abrasion test because it did not have a durable abrasion-resistant
aluminum coating, while Fabrics A through E and G had abrasion-resistant
coatings and passed the reflectivity test.

As used in Table III, crazing refers to the thin lines observed
through the flexed portion of the aluminized surface at low temperature
when the adhesive is not cracked and the basic fabric not exposed. The
observed crazing should not ccmpromise the heat protective qualities or
reduce the use-life of aluminized fabrics. However, cracking of the alum-
inized coating, exposing the basic fabric, is unacceptable and is cause for
rejection.

CONCLUSIONS AND RECOMMENDATIONS

A neoprene coating was successfully applied to the back of an aluminized,
1.2-pound, asbestos, herringbone-twill cloth (Fabrics A through E) with demon-
strated ability to significantly improve the use-life of firefighter's
garments. As shown in previous testing and evaluation, this aluminized
asbestos cloth possessed good durability of the basic cloth and good abrasion
resistance of the aluminum coating. More recent laboratory evaluation of the
neoprene-coated, aluminized cloth showed it to exhibit acceptable weight,
stiffness, water resistance and tear strength. A limited user evaluaticn
of further coveralls indicated that it vas satisfactory (exhibiting good
sewing characterlstics). Accordingly, the neoprene-coated, aluminized,
1.2-pound, asbestos cloth is considered a desirable replacement for the
neoprene-coated, aluminized, li-ounce, glass/asbestos fabric for use in
shipboard cc-eralls In view of its relatively high weight, however,
further studies are recommended to develop lighter substitutes.
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