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FOREWORD

SYMPOSIUM PURPOSE:

To help acquaint the business community with new materials and
techniques, many of which have been and are being developed and
produced as a result of NASA-sponsored research, for improving
Fireproofing and Fire Safety with the goal of minimizing fire
hazards and reducing costs., The Southern California area is
one of the most fire prone regions of the United States. The
many devastating fires to which the area has been subjected

in recent years has greatly focused attention and interest on
this very serious problem. -

FOR WHOM:

1) Construction people and builders

2) Manufacturers of products having a fire hazard or
fireproofing requirement

3) Building materials suppliers

4) Fire prevention personnel

5) Insurance underwriters

6) Many others

o Nemiae

WHERE:

Chamber of Commerce Building
404 South Bixel Street .
Los Angeles, California

SPONSORS : .

1) USC/WESRAC

2) NASA

3) Los Angeles Chamber of Commerce
4) Small Business Administration

PROGRAM COORDINATOR: a

Charles R. Dole, Manager, Engineering Applications, WESRAC,
(213) 7@6-6171. '
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PROGRAM AGENDA

8:30-9:15 - REGISTRATION

9:20-9:40
"WELCOME TO SYMPOSIUM"

SPEAKER: Dr. J. Ehrenreich
Director, USCRIBE
University of So. Calif.
9:20-9:40
"FIREPROOFING AND TECHNOLOGY
TRANSFER'!
SPEAKER: A.K. Oulie
Director, WESRAC
University of So. Calif.
9:40-9:45

"ANNOUNCEMENTS & PROGRAM OVERVIEW"
MODERATOR: C.R. Dole
Mgr., Engineering
Applications
WESRAC/USC

9:45-10:15
“INTRODUCTION TO PROGRAM SUBJECT -
FIREPROOFING"
SPEAKER: Dr. M, Gerstein
Chmn., Dept. Mech. Eng.
Assoc. Dean Engr. Sch.
University of So. Calif,

10:15-10:30 - COFFEE BREAK

10:30-11:15 o
"UTILIZATION OF AVAILABLE SKILLS §
'MATERIALS IN FIRE PREVENTION"

SPEAKER: Dep. Chf. H. W. Martin
Fire Marshal
Los Angeles, Calif.
11:15-11:45
"HOW. TO REDUCE YOUR FIRE. INS. RATES"
SPEAKER: M. DuBain

Sr. V.P., Prop. Underwrit.
Fireman's Am. Fund Ins. Co.

11:45-12:15 - NO-HOST RECEPTION

12:15-1:15 - LUNCH
(Chamber of Commerce Dining Room)

1:15-2:00
“NEW FIRE RETARDANT FOAMS AND
INTUMESCENTS"
SPEAKER: Dr. J. Parker
Chem Res. Proj. Office
NASA/Ames Res. Center
Moffett Field, Calif.
2:00-3:00

"OTHER NASA DEVELOPED MATERIALS §&
SOME INDUSTRIAL APPLICATIONS"
SPEAKER: Dr. M. Radnofsky
Crew Systems Division
NASA/Manned Space Center
Houston, Texas

3:00-3:15 - COFFEE BREAK

3:15-4:00
“FIRE RETARDANCY USING APPLIED
MATERIALS"

SPEAKER: Dr. R. Feldman
President
Thermo Systems, Inc.
St. Louis, Missouri
4:00-4:45
"FIRE RETARDANCY WITH STRUCTURAL
MATERIALS"
SPEAKER: R. E. Gardner
Western States Tech. Rep.
Koppers Co., Inc.
Pittsburgh, Pa.
4:45-5:00
_"SUMMATION AND WRAP-UP"
MODERATOR: C.R. Dole’
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"WELCOME TO SYMPOSIUM"

RN

Speaker: Dr. Joseph W. Ehrenreich
Director, USCRIBE
: University of Southern California

~



Dr. Joseph W. Ehrenreich
Director, USCRIBE
Professor of Business Economics

University of Southern California

Dr. Ehrenreich is Director of USC's Research Institute
for Business and Economics and Professor of Business Economics'_
in the USC School of Business Administration. Dr. Ehrenreich -
joined USC seven years ago after serving as Director of

Planning and Research for Prudential Insurance Company.

One of his first actions at the University was to sponsor . -

the development of WESRAC. He d1d this because of his
interest and concern-in advancing soclety through the-

applicatlon of advanced technology.‘yﬁgkff”‘
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'"FIREPROOFING AND TECHNOLOGY TRANSFER" "

I A 4 . . '

Speaker: A. Kendell Oulie
. . Director, WESRAC
University of Southern California




A. Kendell Qulie, Director
Western Research Application Center
University of Southern California

Mr, Oulie was educated at the University of Califormia,
He

Harvard University and Stanford University Law School.

holds degrees of Bachelor of Arts in Economics from Callfornla

and Master of Business Admlnlstratlon from Harvard.

His business experience includes management positions

with the General Petroleum Corporation (MOBIL), Manager of
Marketlng Research with the Union 0il Company, and Director

of Corporate Planning of the Garrett Corporation (Axresearch)

He has been Director of WESRAC since its establighment in
the Graduate School of Busxness Admlnlstration at U. S C

H s




My job on the program is to relate WESRAC to this symposium and
to tell you why WESRAC, the Western Research Application Center, at

USC presumes to sponsor a program on fireproofing and fire safety.

In the first place, WESRAC provides computerized access to the
largest technology collection in the West. It is a national resource.
It has been established here to get this world-wide technology on
new ways to do things into the economy. We do this by providing
efficient, quick, economical accesé to these products of completed and
on-going research, development; and experimentation. However, to
get industry and business to use this resource, we find, requires
education. Industry does not seem to have the habit of looking to
see if someone else has already done work on their problem or in their
area of interest before starting their own project. We want to change
this habit so that duplication of effort in expensive, skilled fields

of endeavor is eliminated.

Related to today's subject of fire is the fact that one of the
principal collections WESRAC uses is the very broad and comprehensive
ten-year-old and growing NASA data bank. NASA has had very great
exposure to heat and fire safety problems as we all know. Literally
hundreds of reports have been prepared on different aspects of dealing
with fire prdblems. These are usually on new methods, new tools and
new materials. Several of our speékers today will refer to this work,

and much of the information you will hear can be expanded by use of

WESRAC resources.

- Since we have found in the past that only 10% or 207 of our
audience has any idea what WESRAC is or does, we have prepared a

brief film to tell you. I believe it will be worth your attention

for the 14 minutes it takes to run.

Title of film shown: "Have You Heard About WESRAC?"




"ANNOUNCEMENTS AND PROGRAM OVERVIEW"

Moderator:

Charles R. Dole ‘
Manager, Engineering Applications

WESRAC/USC

11



Charles R. Dole, Manager
‘Scientific & Engineering Applicatiomns

Western Research Application Center

University of Southern California o

Mr. Dole has been with WESRAC for the last 3 years as
| Manager of the Engineering Department. Prior to joining ~ﬁF‘*l,_i5f?*i
. WESRAC,7he'§erved in the U.S. Air Force for 22 years, and =

']-Iater‘WOrkédffbr'the‘Jet Propulsion Laboratory in the Space -
Sc1ences D1v131on on the unmanned Ranger, Surveyor, and

”-a,Marlner prOJects.

Mr. Dole Holds a Bachelor s degree in Civil Engineering
from the Un1vers1ty of Southern Ca11forn1a and a Master' 'S
degree 1n MEteorology from the Unlver81ty of Ca11forn1a at .

' Los Angeles._ He has also pursued graduate management studles.”éjﬁ¢4
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" INTRODUCTION Tb PROGRAM SUBJECT = FIREPROOFING" .

Speaker:

Dr. Melvin Gerstein

Chairman, Dept. of Mechanical Engineering
Associate Dean, School of Engineering
University of Southern California

15
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Dr. Melvin Gerstein
- Chairman of the Department of Mechanical Engineering ,;‘“

University of Southern California

Dr. Melvin Gerstein has conducted active research in the

M‘fleld of combustion related to fire hazards and propulslon
‘systems for the past 20 years. This work has included research
‘pertlnent to aircraft and spacecraft fire hazards, safety 1n

’ test and launch vehicles and combustlon research in rec1procat1ngl'

iturbOJet ramjet and rocket englnes.

Dr. Gersteln is currently 1nvolved in stud1es of a1rcraft‘
‘f1re hazards.‘ He has been retained as a consultant on f1re

tjlnvthe,Apollo and Manned Orblting Lab spacecraft.

- Prlor to JOlnlng the University of Southern Ca11forn1a,

.n;ersteln was associated with NASA at the Lew1s Research
'Laboratorles in charge of advanced programs in propellant |

ﬂichem1stry. His work as Ass1stant Propu131on Division Chief at

NP

i;NASA has resulted in major contributions to the basic understandlng
7 of jet propuls1on design. Dr. Gerstein was also Division Chief .
”"“7fﬂ1n charge of physical science research at the California Instltute
of Technology, Jet Propulsion Laboratory. |
Dr. Gersteln received both his Bachelor's and Doctoratej
at the Uhlver81ty of Chlcago in chemlstry. l‘:;ffai ; ,¢;;
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It is a very real personal pleasure for me. to introduce the technical
portion of this symposium on fireproofing. It would seem logical to start by
defining the term "fireproofing." weester'defines "fireproof' as ''relatively
incombustible,' which doesn't really ﬁelp us very much. Presumably we mean
the development or treatment of materia;Sgto prevent of inhibit ignition, or
to prevent or inhibit flame propagatien° In a general treatment of fire
safety, one would devote a great deal" of effort in removing or isolating
1gn1t10n sources. When dealing with the subject of fireproofing, however, we
must assume that ignition sources exlst _ These may range from sparks.to arcs,
over-heated wires to large flames. Iq discussing fireproofing, it is.necessary
that we consider the nature of the igﬂition source - in fact, the nature of
the total environment. A f1reproof mater1a1 under one set of circumstances may
be readily combustible under another,{ Those who have been concerned with the
hazards associated with high oxygen cqncentrations have certainly encountered '

materials which were fireproof in air, but.burned readily in pure oxygen.

Fireproofing treatment initialLy; and widely used at the present time,

- consisted of treating materials with ihorganic salts. Borates and phdsphates
are, and have been, widely used for thlS purpose. A simple test involving

the application of a standard flame d1rect1y to the materlal can be used as
illustrated in Figure 1. If the treatment has been successful, flame will

not propagate away from the region of the torch and, when the torch is removed,
-flaming or glowing .of the material wil? stop very quickly. The fireproofing
additive, if a borate.or phosphate or similar inorganic material, may interfere
chemically with the free radical chemietry ﬁecessary for. flame propagation.

In eddition, the low melting oxides of boron and phosphorus provide a barrier
between the organic material and the'aﬁbient air. While the flame is being
applied, it is possible that flammableivapors are released .and consumed by the
flame. If large amounts of flammable material were released the flame would
flare up, which is not desirable. If small amounts were released ‘the vapors

would be consumed, and no additional hgzard would be createdf

Tests of this type have been used?to rate materials. Let us.consider,

however, a different condition. In Figure'z, we assume that a source of heat
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is applied to the material indirectly, either by means of a flame, as shown,
or some other heat source. The flammable vapors produced are not consumed
by the flame and diffuse away from the surface creating a concentration |
gradient. Typical gradients for slow, intermediate and rapid gas evolution
are illustrated in Figure I1I. In Figure IIIa, the rate of gas evolution is
too lean to burn except very near the surface where surface quenching might ‘
inhibit ignition and flame propagation. An ignition source near the surface
would not be a hazard. There may well be, as illustrated in Figure IIIb, an

intermediate gas evolution rate which would produce a flammable mixture.

" Ignition could occur and a fire might continue to burn as long as the heat

source was present to produce flammabie vapor in spite of the fireproofing
material which may be present. The fire occurs above the surface and the
fireproofing material might not be effective if it is not vaporized. Although
such a material might pass a flame test it would still represent a fire hazard
in the presence of a less active heat source,

Finally, in Figure IIIc a very rapid gas evolution is illustrated. Such
a situation may not present an ignition hazard near the surface but the large
amounts of vapor produced could form flammable mixtures and ignite far from
the surface. Flash fires resulting from smoldering fabrics are often the
result of this type of behavior. A relatively fireproof material which does
not itself ignite can release enough flammable yvapor to create a hazard in the

vapor space. The problem is compounded if the vapors released are also toxic

-or debilitating. .

These experiments have considered an_external ignition source. The heat
source itself may also be the source of iénition. Eigure IT could easiiy have
represented a thermal ignition‘experiment; Here; too, the‘probiem is quite
complex since twovgradients.are invoived, a concentration'gradient and a
temperature gradient, Some of the important factors are illustrated-in Figure
IV. The upper curve is a plot of the ignition temperature of the vapor (Tig)
versus fuel concentration (F).‘ It is assumed that _some minimum temperature
exists and that ignition becomes more difficult at higher and 1ower fuel

concentrations. The solid 11ne in the lower curve represents a fuel concen-

[y . t

tration (F) curve versus height above the surface. On the basis of the Tig vs F

and h vs F curves it is possible to generate a curve shown as a dotted line

[ - P (B e



. which_represents the required ignition temperature at any point above the
surface. The ordinate remains height above the surface, h, and the abscissa
becomes Tig. If the actual temperature due to the heat source exceeds T
at any point, ignition will occur. ‘In Figure IV, if the fuel gradient curve
'had been a temperature gradient curve, ignition would have occurred. Once
ignited, of course, the flame mightipropagate over the entire sample. Since
both fuel and temperature gradients are important it is easy to see that
such an experiment would be quite sen31t1ve to rate of heating, heat transfer {
‘rates, diffusion rates and other experimental variables,

The problem becomes even more eomplicated if there is a flow across the
surface. One example from the workiof Gerstein and Hyde (Ref 1) is illustrated
in Figure V. The configuration is illustrated schematically. It consists of

an air flow of velocity v parallelvto the surface. The. flammable vapor leaves

the surface at right angles to the flow and to the surface at a velocity V as >

~a mass flow, PoVo" The value of V would depend on heating rate, for example
and represents a quantitative measure of the rate of flammable vapor evolution.
The lines indicate the ex1stence of a flammable mixture at two differnet
stations along the surface, 0.4,ft ﬁrom the start and 1 ft from the start. For
a given air velocity, 10 ft/sec, a higher gas evolution rate is required at 0.4
ft than at 1 ft. The boundary layen‘is thin at 0.4 ft and the air dilutes the
mixture which is flammable further ayay. At any specific location, morekheat
or a greater gas evolution rate is required as the air flow velocity increases.
Between the two curves there is a region where ignition could not take place if
the material was small (0.4 ft) but could take place if the material were large.
These calculations can easily be related to shorter materials and lower velocities
so that the conclusions are generalo It is evident that the occurrence of ignition
is strongly dependent on the complete environment and not on any single factor.
The fireproofing expert must take this into account and define the conditions
under which. his material or his treatment is applicableu

More recently, fireproofing techniques have 1nvolved the use of spec1ally
formulated polymers or additives of»an organic nature combined with the plastic
or fabric. The freon type halocarbons containing bromine, chlorine and fluoring
have been used for ‘this purpose and various halogenated monomers have been
polymerized to form fireproof plastics.: Depending upon the decomposition

characteristics of the polymer and the relative release of fuel components and

iy e T .o [ . ot ' t
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inhibitor components, the preceding discussions may still be applicable.

. Other factors must also be considered. Some work of Gerstein and Stine

(Ref 2) with mixtures of fuels and carbon tetrachloride is relevant.
Consider the case of Figure 2 but .assume that the vapors released consist
of a mixture of fuel and inhibitor. Flammability limit curves such as
illustrated in Figure VI result. We have plotted the partial pressure of
inert”or“inhibiting material versus the partial pressure of fuel. At

= 0 we would have the normal'lean,and rich flammability limits in

Pinert
the absence of inhibitor., At some value of P and above all mixtures

would be non-flammable, Figure VII shows howiZEZE a curve can be generated.
If the initial material had a composition Nl’ heating of the vapor could
generate the curve shown. At some stage, since the inhibitor comes off
less rapidly than the fuel a flammabie_mixture results indicated by X. As

the initial composition is changed, the behavior changes until finally:a

~composition is reached at which ignition does not occur during the entire

heating period. The sample of initial composition N4 would be judgedas
non-flammable or fireproof. Examine Figure VIII to see what happens‘as
this "non=flammable' mixture is diluted by air. Dilution reduces both

Pinert 20d Po o, but the ratio P nert/ fue] Femains constant. Dilution is

- represented by a straight line through the origin from the location of the

final mixture. It is shown in Figure VIII by a series of arrows. The non-
flammable mixture crosses into the flammable range and ignition is possible.
Again, the purpose of this example has been to emphasize the importance of
defining the exact conditions of the test and environment before the labels
of fireproof or non-flammable are applied -

I have not tried to summarize the large body of 11terature on fire-

- proofing. Rather I have taken advantage of the prerogatlve of an introductory

speaker to raise questions rather than answer them. Specifically I have

tried to emphasize the great importance of defining the exact conditions under
which a material is fireproof and the awareness that "fireproof" materials
can burn.or lead to fires under conditions different from those evaluated by

a single test. I have not touched on the many other problems faced by the



' fireproofing experts including the physical and structural properties of
the materials, possible toxic gases :rel,eased by thermal decomposition,
cost and fabrication difficulties, fl'he papers which follow illustrate
that major progress has been made in the field of fireproofing. Much more
still needs to be ‘done.

P

o
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1.

2.

REFERENCES

Gerstein and Hyde, "A Boundary Layer Model For Pilot Ignitiom .’
of Cellulosic Solids in a Wind (to be published). Based on
Engineers Degree Thesis, August 1970, University of Southern

California.

Gerstein and Stine, "Anomolies in Flash Points of Mixcufes of
Halogenated Hydrocarbons and Flammable Liquids .(to be published).
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"UTILIZATION OF AVAILABLE SKILLS &

MATERIALS IN FIRE PREVENTION"

Speaker: Deputy Chief Harry W.. Martln
Fire Marshal
Los Angeles, Callfornla

33
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‘ Harry W. Martin _ _ _ [
;ﬂj';l | Deputy Chief and Fire Marshal - L .'A

City of Los Angeles Fire Department

Currently the Fire Marshal and Commander of the Bureau

of Fire'Prevention of the Los Angeles City Fire Department,

';~Mr. Martin has been a member of fhe'Fire Department for 28'

years, He has also lectured on fire protectlon and englneerlng

' at various seminars at the Un1vers1ty of Ca11forn1a at Dav1s,,“
'UCLA, USC, Chabot College at Hayward, and Phoenix College -

at Phoenix, Arizona.

Mr. Martin’attended Los Angeles City College and Cal State .
- in Los Angeles where he majored'in civil engiﬁeering with
i minor studies in physical sciences and public administratipn.

- Mr, Martln has been a consultlng f1re protectlon englneer ;Q 

”and expert w1tness 1n legal‘action in’ numeroussstates.
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I.

FIRE PROTECTION FORVLARGEAOFFICE BUILDINGS

Planning Stage

A,

Determine type of occupancy ' : _,—/”’///,
Special requirements-for-different occupancies.

Con31der water supply avallable to. bu11d1ng

1. Supplemental fire protectlon may be requlred where
access is restricted ° :

2. Supplemental prOteqtidﬁ may consist of on-site hydrants
Distribution of water supgiy in building for fire fighting
1. Combination standpipe; e

a. Wet standpipe syséem :

b. Connected to fireipumps

¢c. Fire Department connectlons for second source of
supply

d. Gravity tanks may be requlred accordlng to
building height

e. For use by Fire Départment
2. Interior standpipes -;

a, For use,by,buildiﬁg 6ccdpants

b. Connected to coﬁbinétion system and gravity tank
Exits (types)
1. Enclosed stairway
2. Conventional smoke-proof enclosure

a, Located on exterior wall

b. No opening directly into interior of the-building

+ N 2 b
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| - % NELTEE g
Vo \ P - I ' SN —
N 2




38

II.

3. Mechanically ventilated smoke-proof enclosure
a. Located in building core

b. 1Involves a system of smoke detectors and
mechanical ventilation

F. Emergency power

1. Required to light exits and exit signs during power
failure ' : '

2. Supply power to mechaniéally ventilated smoke tower .
G. Extinguishing systems
1. Sprinklers required in below grade areas

2. May be required in lieu of other protgction;”

Construction Stage IR

A. Water supply
1. Extend standpipe as building_goes.up;
2. Provide fire pump
B. Special problems
1., Vertical and horizontal access limited “24"','
2. Accumulation of combustibles i*; o
a. Trash o
b. " Packing material
¢. Lumber
3. Flammable liquids
a., Paint spraying
| b. Adhesives

4, Welding and heating devices being operaéed ,



III.

IV,

5. Special detection and extlngulshlng systems may be

incomplete

6. Communications syste@ in building often lacking

i

Final Testing of Fire Protection Systems . .

A, Standplpe system
1. Each riser flowed from topmost outlet at 30 p.s.i.
for one minute . \
2. Fire pump |
a, Operated for ene‘hour'
b. Started three times automatlcally and three tlmes
manually : ~
c. Tested to 150%'§f its rated capacity for 15 minutes
B. Emergency power system T ' ' ' _,,—f’/’//k
1. Tested upon completiqﬁ ;
2. Must provide rated'eapeeity
C. Mechanically ventilated e@oke-proof enclosure
1, Alllsﬁoke detectors_e?ecked
2. Ventilation.aﬁd‘presetre‘differentials checked
3. All accessory equipmeetimust function properly
Maintenance
A. All fire protection systeﬁs to be tested at least every

five years.

1. Combination standpipes

2. Wet standpipes

3. Automatic sprinkler systems

39



4, Smoke detection systems
5. Fire protection assemblies
a, Fire doors
b. Fire dampers
B. Emergency power system
1, Tested weekly
2, Written record to be kept of tests
C. ATests when required shall be conducted by qualified person
1. Building engineer
2. Specidily trained personnel
3. Private outside agency

D. Fire Department to be notified in advance of such tests.

'
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"HOW TO REDUCE YOUR FIRE INSURANCE RATES"

Speaker:

Myron DuBain

Senior Vice President
Property Underwriting
Fireman's Fund Insurance Co.
San Francisco, California

41
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Myron DuBain

Senior Vice President of Property and Casualty

Fireman's Fund American Insurance Company

Mr. DuBain joined Fireman's Fund Insurance Company in
1946 and since then has held several executive positions with
the company. Among them are the Vice President with senior
executive responsibility for Inland Marine operations, senlor
‘nexecutlve responsible for Inland Marine and Commercial Multlple
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HOW TO REDUCE YOUR FIRE INSURANCE RATES

To correct any mistaken impressions that could result from the title of my
address, I should make it clear that I am not an insurance rate technician. We
have rating technicians who devote their entire time to the principles and applica-
tions of rating schedules and individual risk rate make-ups. My own involvement is
limited to the broad general principles and overall results of the detailéd rating
system in our various property and casualty lines.

I might also remind you that insurance companies are in business to ﬁake money,
although the level of profit we seek is modest. Nevertheless, we do have a profit--
as well as a public service--motive, just as those of you who are in the ;onstruction
trades or who are buildiné and plant owners.

Fire insurance premiums are essentiélly the product of losses plus the necessary
expenses of the insurance company to do business. 1In any major rating claésification,
the class itself establishes its own rates over long experience periods. I emphasize
that the rating system recognizes long experience periods because in high-valued
properties, a large single loss can distort the short-term averages. Of course an
individual loss would not, in itself, have sufficient credibility for ratemaking
purposes. //

The imporfént thing is that if losses go up, insurance rates are going to have
to go up. So the simplest way to reduce your fire insurance rates is to reduce your.

fire insurance losses, and to get pthers'to do likewise.

b

B

With thaf primer in ratemaking, let's take a closer look at how the'insuraggg,——””//k
underwriter looks at property insurance.

Historically, the attitude of underwriters toward buildings of fire resistive
construction has been quite favorable and the underwriting treatment accorded them
quite liberal. Until recent years, most ﬁnderwriters would not hesitate to freely
commit their full caﬁacity on fire resistive structures, subject to minimal inspec-

tion requirements.
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The practices in the building tfade4were generally toward heavy masonry construc-
tion, thé combustibility load of such things as high-rise office buildings was light
and, generally, good fire gut-off standardﬁAwere followed between floors. Consequently,
subject to underwriting of the occupancy plus an assurance that any special hazards
were adequately recognized and cared for, this was.considered very deéirable business.
The loss experience was good and the rates:reflected this until fhey rea;hed almost
minimal levels. , |

Today, things are different. During the past few years; we have seen some
drastic changes in construction methods and materials. We are now seeing an increasing
number of multi-million dollar fires in so-called fire resistive buildings occurring
out of these changes in construction and materials.

 Since the end of World War II, our booming economy has created a huge demand for
more and better office, plant and storage space. Many new, attragtive materials have
been appearing on the market with resultant changes in building methods in order to
utilize them. Sky-rocketing labor costs have resulted in the development of labor-
saving construction techniques.

The financial squeeze put on municibal govefnments dictated a broader tax base,
so it became politically expedient to allow building code variances in order to speed
up development gf commercial properties. In some major cities building codes have
been completely revised, and not always for the better.

This combination of experimental designs, uﬁtried materials and relaxed code
requirements has given us many buildings which no longer have the same high- degree
of fire resistance we once knew and which, in many cases, do not.provide adequafe
life safety for occupants. / |

Let me give you two examples of the new type fire losses we are expefiencing in
many so-called fire resistive buildings. | |

A typical, modern 50 story skyscraper in New York was completed in eariy 1970.

The building has a reinforced concrete center core which contains the elevator



shafts, stair towers, rest rooms, utiiities and air conditioning supply and return
air shafts. Steel girders connect this core to columns at the outside wailAbf the
building so that the floors are column-free except at the east and west sections.

Beams support the 2-1/2" thick concrete floor on fluted floor form units and
are joined to the concrete floors by steei studs. Columns, girders, beams, 'and the
:underside of floors are protected by sprayed asbestos fibre to provide a four hour
fire resistgnce for columns and threé hour rating for filler beams and floors.

Walls are made up of aluminum panel window sections which also encase the
outside columns. There is a 6" concrete Biock curtain wall 28" high built on the
outer edge of the floor slab. This wa11.is located in line with the centér'bf the
wall columns so that the outer skin is i6"-out from this wail. This'sepaiation
creates vertical flues the height of thé base or tower which is 143' maximum, which
are interruptedlat each floor level by anﬂaluminum metal flashing designed to collect
coﬁdensation and.carry it through wéep,hélés to the outside. (

The inside face of the curtain wéll,fthe space between the windows,,aﬁa the
space above the windows is insﬁlated withfl" Dorvon FR 100 Polystyrene foam board.
This insulation i§ covered on the inside py_gypsum board only where visible. There
is no covering.on it above the hung ceiling. As a result, the protection between
fhe concealed géiling spaces of two flobfs‘consists of two 1" thick pie;es of foamed
polystyrené and a thin sheet of aluminum.: \

The concealed space between the huﬁg.ceiling and the floor above contains air
supply ducts, lighting fixtures,-powef lines and conduit, telephone cables and
communicatioﬁ cables. |

PDuriné the application of finishing %ouches for occupancy of luxuriods offices
by a new tenant, on the 31lst, 32nd, gnd 33rd floors, a guard on the 33rd floorlsaw
smoke aﬁove the ceiling Ehrough an opening -and reportedly pulled the fire alarm box
on his floor. He then took the eléva;or to the first floor to notify the building

guards of the fire. | L i
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Two guards and a telephone installer supervisér took the elevator to the 39th
floor to notify other employees of the fire. Their elévator stopped at the 33rd
floor, and smoke and flames rushed in. Thé elevator would not move from the floor
with the result that the two gﬁards periShed and the telephone foreman was barely
alive when rescued by firemen two hours later.

The Fire Department responded within three minutes from the time the alarm was
received, but when they arr;ved, the 33rd and 34th floors were raging infernos with
so much smoke and heat that the firemen could only operate on the floor for a short
time. |

It was five hours before the fire was brought under control and in those five
hours, two lives were lost, 30 men were injured and damage totaled ten million dollars.

The 33rd, 34th, and 35th floors were burned out, with varying degrees of smoke
and heat damage to many additional floors above and below. .The fire spread to the
exposed polystyrene foam in the south and east walls and emerged from the concealed
space in the form of flaming droplets of flaming gases.

As the heat-involved furniture stuffed with feather or foamed polyurethane, its
progress accelerated because ofxthe amount of combustibles and flammable gases given
off. Tests ma%?’after the fire showed that the polyurethane foam gave off flammable
~gases at 212°F. |

I would like to read to-you excerpts from the oéficial investigation report of
this fire by the New York Board of Fire Underwriters.

"The reason for the severe fire in this fire resistive building can be understood
~if it is realized that the building classification is a misnomer. Buildings of this
type erected in this plastic age should more correcfly be called ‘semi-combustible.’
Except for the concrete ;nd metal, almost everything in the building is combustible
to some degree - foam plastié wall insulation, electrical cables, ceiling tiles,
partitions and insulation on air handling units. The degree in some cases is small

but added to the severe fire hazard caused by foamed plastic furniture, there is the

recipe for this conflagration.



"The degree of damage to the steel frame is the result of several factors.

It is reported that this steel came f;dm_ﬁngland and became severely oxidized in
transit. As a result, the sprayed asbestos fibre did not adhere well in many places
and fell off along witﬁ the scale shortly;after application. As a second factér,
thi§ insulation was removed in many locations where partitions were run to the
underside of beams, where air ducts ran under beams, where clamps are attached,
where wires scrape it. The situation that exists in a laboratory when this material
is tested is not the same situation that exists in the field."

That last point is important. Time and time again we have blindly and in good
faith-accepted laboratory tests of the fire resistance of new materials, only to have
the materials not prove out when it really counted. Well, I think underwriters—tave
been burned once too often. We are goiﬁg to be téking a much more critical look at
both the design and materials characterisiics-of new construction, and we are going
to be much more cautious in accepting.and'rating risks. The report I just referfed
to puts it this way:

"This fire has provided a major full scale test for new methods of. construction.
The transmission of fires between floors, the distribution of smoke throughout the
building and the failure of structural elements prove the necessity of feviewiﬁﬁ the
present requirements and practices.

"Since this building is typical of a large number of buildings now being built,
recommendations are being made on a general basis rather than applying specifically
to this building." .

The report lists 14 recommendations which I willlnot read now because of their
lengih. I do have two or three copies which you may pass around, however, :and
additional copies may be obtained by writing to me at Fireman's Fund Aﬁerican
Insurance Companies in San Francisco. .

The'second example involves a buildiﬂg in California in the course of construc-
tion. The structure had a total floor area of approkimately 332,000 square feet.
This was a one equals two story building of 6 inch reinforced concrete tilt-up walls
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with reinforced concrete pilasters whighjwere to have been.divided into four fire
divisions separated by 6 inch reinforced concrete fire walls with fire doors and
dampers covering openings. The floor was concrete and fhe‘roof was composition

on wood decking on wood truss. _—”””,,

The building was to be for a fruit processing and cold storage operation. The
entire east side of the building was divided into cold storage and cooler rooms
constructed of half-inch plywood on 2 X 4 wood stud framing eitending from floor
to roof, with polyurethane foam insulation sprayed on all walls and dividers and on
the underside of both the equipment decks and the roof.

At the time of the fire, the building was almost.complete, with one section
occupied and cut off from the other three sections. The three sections not yet
occupied were not separated from each other in that the fire doors were not in
operation. )

The fire was caused by a welder's'torch while sweating a water pipe:to cooling
equipment, igniting polyurethane foam insuiation in the area of the cold gtorage
rooms. The polyurethane foam insulation, while a good insulating agent, was of such-
high. combustibility characteristics that the entire three uncompleted sections of thg
building were totally engulfed in flames within approximately nine minutes from the
time the fire s;érted. |

Several workmen on scaffolding at the opposite end of the building from which
the fire originated were barely able to escape in time to avoid injury. The three
sections of the building which were still not occupied weie practically a total loss.
The ultimate loss was in excess of $4,000,000 on a building with a cost of $5,500.000.

Unfortunately, these two examples do not represent uncommon losses. A look at
statistics for recent years reveals an ominous trend: a $15,000,000 grocery warehouse
fire in Boston; a $3,000,060 fire at a school under construction in NéQ'Hampshire--
gnd so the list continues.

The result of this can only be substantially increased fire and liability

insurance rates, because of the exposure to life and property. It is not surprising



that many insurance companies--including“my'oWn?-are taking a closer look at the
so-called fire resistive buildiﬁgs whichiwe have considered superior risks eligisle
for premium discounts under commercial pé;kage policies.

Instead of giving discounts,'we,méy bé'ééking for surcharges on some of these
buildingé, particularly until we aré‘sétisfiéd that the iag in rate making has caught
up tb the new }oss trend. Indeed, in some~casé$, I would not be surpriséd to see
available insurance capacity beéome an acute prdblem in some hazardous type construc-
tion .unless there is considerable improﬁemént in construction methods.

But thelpicture is not so bleak as:itimight'seem. Rates can be reducéd, and
the key to reducing them lies in incorpdratingﬂthe‘many ekisting fire protection
methods into the initial stages of building planning, With diiigent fbliéw-through
in the construction phases. It is then‘that*fire prdteétion is least expensive and
most effective--not when it is thrown in as an ill-planned afterthqughf.

I would call upon you to exercise yéﬁx leadership in.making fire ﬁrotection an
integral part of building design and comstruction, both through your an expértise
and with the help of qualified engineefihg personnel readily available to assess the
weaknesses and strengths of design. Most éajor insurance companies have ekper3§
ready to assist and advise in connection with proposed construction pléns, and.Fire
Rating Bureaus/}ﬁ practically all jurisdictions have éxperts who will féspond, upon
request, in coﬂnection with building design and construction.

A prime example of the benefits to be. reaped from advance plaﬁniﬁg is a recent
fire at the University of California at Santa Cruz. Although losses tofaled
$150,000, fire prevention experts revealed that losses could have been substantially
reduced if the building had been sprinklered--at a cost of $6,000.

A second method of reducing fire iﬁsﬁrance rates is, of course, reduqtion of
loss potential‘in existing structures. Essential to the success of any'such program
is installation and maintenance of adequaté fire protectién systems, combined with
emergency—proéedure training of personneliand pre-planning with local fire

departments.
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Eqﬁallf essential is a periodic inspection of the'premisesi-followed by
correction of hazardous conditions--in other wofds{ good housekeeping.‘ Most impor-
tant of all, perhaps, is.pr0per use of the facility--a building should not be used
for a purpose more hazardous than its design and construction permit.A

Again, both insurance companies and Fire Rating Bureau; sténd ready to provide
assistance--and I would urge you to take advantage of the advice. .

In view of the location of this conference and bécause I am sureimany of you
are from California and other West Coast areas, I would remiss if I did not mention
the fire hazard in the aftermath of earthquakes. The'dahéer is a fery real one, as
evidenced by such tragedies as the San Francisco disaster of 1906, but present
building standards seem destined to increase, rather than reduce, the eiposure from
earthquakeé.

We were very surprised to learn of the collapse or faildre of se&eral recently
constructed modern buildings in both the Santa Rosa earthquake in 1969 and the San
Fernando Valley quake which just occurred in February of this year. The distressing
part is that investigation by eminently qualified engineers following'thé failure
and collapse of some of these buildings cléarly indicated they should not have been
a surprise.

I would lig?/to quote from page 58 ofta study released by the United States
Department of Cémmerce on the Santa Rosa, California earthquake of October 1, 1969.

""Research on materials has led to their more effective use in buildings, but
not without side effects. Sprayed-on firéproofing around steel frames in lieu of
poured-in-place concrete fireproofing has greatly reduced the inherent lateral force
resistance of many structures, since the mathemétically neglected concrete with the
steel frame members formed, in effect, composite members.

""Research on concrete members has changed design practice to the extent that
allowable unit-design stresses have increased-as much as fivefold in recent years,
creating new design problems such as overfurhing, multiple types of stréés, concen-

tration, and concrete splitting. Metal and glass skin exteriors have replaced -



brick and concrete panel walls, thereby reducing inherent strength and damping.
Many other examples can be cited.

"The net effect of all of these developments has been to substantially reduce

the inherent lateral force resistance of buildings, unless the designer includ?i—(”,,,,,//

noqcode-required bracing. This extra bracing is too often opposed on the basis of
costs or a lack of understanding.

"In essence then, a designer who follows the letter of the law as ekpressed-in
the building code, but lack experience judgement when extrapolating code values to
new types of structures, can inadvertently design a collapse-hazard structure which
is legally safe. Collapse is more probable today thaﬁ it was several decades ago,
before changed practice had reduced a structure's uncounted strengths."

Thus, it is possible for a planned building to be considered legally safe, while
it is, in reality, a collapse-hazard structure. Equally disturbing is the fact that
code requirements have so changed within recent years that a framed concrete buiiding
today is permitted to have about half the lateral force resistance--earthquake
bracing, if you will--than ‘that required ten years ago.

. On top of all this, we understand that the International Conference of guilding
Officials, publishers of the uniform building code, now has before it a proposal to
further reduce Sh% safety factor on concrete construction. |

Gentlemen, as underwriters, we are concerned. I must tell you in all candor
that it is not a function of insurance to insure defiéiency in design or construc-

tion method.
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"NEW FIRE RETARDANT FOAMS AND INTUMESCENTS"

Speaker: Dr. John A. Parker
Chief, Chemical Research Projects Office
Ames Research Center
Moffett Field, California
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Dr. John A. Parker
Ames Research Center
\ National Aeronautics and Space Administration

Moffett Field, California

Dr. John A. Parker is Chief, Chemical Research Projects
Office, at NASA's Ames Research Center, near Mountain View,
California. The Chemical Research Projects Office is involved
in polymer research at Ames and is a problem-solv1ng activity
in the fields of aeronautics, life sc1ences, and space

technology.

In 1968 Dr. Parker was awarded the NASA Exceptional
Scientific Achievement medal for his pioneering regéarch in
reentry technology'and on the ablation of heat shield matefials.
The results of this work have been used to provide protectién /
from fire with a wide range of commercial aﬁplic§tion;

,Pfidr to joining Ames as a Research’Scientist in 1962,
Dr. Parker'Was manager of the Chemistry Départment of Armstrong
Cork Company in Lancaster, Pennsylvania‘é He has also taught at
the Phlladelphla Area Colleges on the campus of Temple ’

Unlver31ty and at the University of Pennsylvanla.' a

He received his Bachelor's degree in chemistry from the
University of Pennsylvania in 1948, and his Master's and PhD

from the same university in chemistry in 1949 and 1951.
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PROTECTION OF AIRCRAFT IN GROUNb CRASH FUEL FIRES

Carr B. Neel and Richard H. Fish

‘ Ames Research Center, NASA, Moffett Field, California 94035
Presented by Dr. John A. Parker at the WESRAC-Fireproofing and Safety Symposium, May 27, 1971
Los Angeles, Calif.

INTRODUCTION

-Passengers caught in an aircraft ground accident that has resulted in fire have only a very short
time to escape. Those failing to exit quickly probably will die frdm exposure to heat and fumes.

" As part of a program of development of fire-retardant materials at Ames Research Center, a
concept for passenger survival has been studied which differs from those that have been considered
in the past. Previous studies generally have stresséd quick-evacuavtion techniques; some have dealt
with possible ways to prevent or control the fire; ‘ In contrast, the study at Ames was directed
toward the approach of surrounding the pasSengér compartment with a fife-rétardant shell that
would protect the occupants long enough for-the’ fire- to burn out or for ﬁre-fighting. equipment to

" reach the airplane and extinguish the fire. ‘ ’ . ’ |

This approach has been made possible by the recent development of two new fire-retardant
materials: a lightweight foam plastic, called polylsocyanurate foam and an mtumescent pamt The
intumescent paint isa material that expands to many times its original thickness when e)gposed to
heat; thus, it insulates the surface on which it ié applied. The :thermal-protection mechanisms of
these materials operate on the same ablative princiﬁles as th;>se used to protect the astronauts
during reentry. '1‘/0 demonstrate their use in a 'full-sc.'ale applicz{tion, an airplane fuselage was fitted -
with the materiéls and tested in a jet-fuel fire. ' |

This paper describes the fire-protection system and the fire test and presents an analysis of
some of the I'CS!.JltS. It should be emphasized that this constitutes a progess report and":that a

number of problems remain to be solved before such a system can be used for passenger protection.

i . . — e
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PREPARATION OF TEST FUSELAGE

Considerations for Passenger Protection. In the design of a test to demonstrate how these
materials could be used to protect passengers, two factors influencing survival in a crash fire must be
considered. First, the penetrzition of heat mﬁst be minimized. At the same time, a way must be
devised to prevent the intrusion of smoke and toxic gases, which can be lethal even though the
temperature is controlled. _ | |

A factor that influences both of these threats in the case of a survivable crash is the structural

- damage that results in rupture of the fuselage. Crash damage was not éonsidered in the present test
nor was the presence of windows, which also could be a point of heat and gas penetration. These
factors have been purposely omitted because it was believed that the basic concept of passenger
protection should be explored first. The effect of crash damage and the protection of windows wili
be included in future studies.

Installation of Fire-Protection System. Avco Systems Division of Lowell, Mdssachusetts, under
contract to NASA, installed the fire-protection system and conducted the test. For the test Avco
procured a surplus McDonnell Douglas C-47 airplane and removed a 7.§ m (26 ft) long section from\
the fuselage (—F-i»ga-re—?—)—.lThey divided the section and capped either end by stt;,el bulkheads, making
two equal sections typical of traditional airplane constructioq. One half was left essentially
unchanged; the other half was fitted with the thermal-protective ﬁaterials to form a shell arourﬁ///
the passénger compartment. Thus, the test would validate feasibilify of a retrofit system for existing

© aircraft. /

suwre=8. The circular

frames were first painted with intumescenf paint 0.13 c¢m (0.05 in.) thick. Next, a layer of loosely
woven fiber-glass matting was bonded to the skin. The polyisocyanurate foam was sprayed over the
matting and was built up to the full 6.4-cm (2.5 in.) depth of the frames and 5 to 8 cm (2 to 3 in.)
over the floor structure. Excess foam was trimmed off. To finish the installation, a liner of fiber-
glass-epoxy laminate 0.08 cm (1/32in.) thick was cemented to the foam and then rivefed to the
frames. This laminate is similar to airliner decorative interior paneling. The floor foam was also

covered with the laminate, and all joints were sealed to exclude smoke and ga;es.%e—pfepeft-ies—ef
. thef 1 inel . o tablo :

IThe tables and figures referenced are not included in this report.



In the unprotected section, the space between the aluminum skin and the interior paneling

was filled with 5cm (2in.) of fiber-glass batting, a material typical of conventional aircraft

insulation.

The steel bulkheads that divided the protected and unprotected sections and capped the two

ends were insulated with a 2.5-cm-thick (1 in.) commercial firewall insulation covered with 8 cm
(3 in.) of fiber-glass batting. o | '
Instrumentation and Test Arrangement. The fuselage was instrumented to measure both the
exterior and interior thermal environments. Thermocouples were used to measure temperatures
both inside and outside the cabin. The exterior heat flux was measured by slug-type calonmeters

’Fhe—ﬁre—test—m&ngeme&t—re—rlhs&m&ed«#rgwe—& The test was conducted at Otls Alf Force

Base, Massachusetts The fuselage was placed dlrectly on the ground and was ﬂanked by two/

shallow pits about 9 by 15 m (30 by 50 ft). Water was placed in the bottom of the prts and 9.5 m?3
l(2500 galions) of JP-4 fuel was floated on top of the water in each pit, forming two large fuel
ponds. Water-cooled probes containing motion-picture »‘cameras'and gas-sampling eq.uipment/ were
positioned at either end of the test fuselage so.that they could observe the interior .o:f each section
The probes were arranged so that they could be wrthdrawn when temperatures became excessive.

Several cameras were placed around the vehrcle to record the test.

Slmulated exit signs and an optical target

were installed to.permit evaluation of possrble smoke effects. The interior of the unprotected )

section appeared much the same as the protected sectron, except that no exit sxgns or optrcal:target
was installed. ' e |

Test Plan. The plan was to ignite both ponds of fuel simultaneously at several points 10 obtain
a uniform buildup of flames over the surface of each pond. The quantity of fuel and conﬁguration
of the ponds were calculated to envelop the fuselage completely with flames and to expose the
vehicle to maximum heat flux for 10 minutes. It was belreved that the unprotected sectlon would
be destroyed within 1 to 2 minutes. The protected section hopefully would survive the fire, but fire
trucks were stationed nearby in the event that certain- momtored thermocouples 1nd1cated ﬂame

intrusion. !
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FIRE TEST

The test was made on August 13, 1970. Within % minute after ignition, the fire was fully
developed. By this time, smoke had already started to penetrate the unprotected section. Occupants

of this part of the cabin would have had to have evacuated the vehicle by this time to have survived.

Ewoviewsot-thefirodus )

Throughout most of the test, the entire test section was completely engulfed in flames.

Because of the volume of flames and smoke, visual observation of the test section was difficult.

- About 5 minutes after ignition, a light wind arose from the southeast and directed the flames so

that occasionally the end of the protected sectibn was visible. Accompanying this flame shift was a
tremendous vortex action of ﬂames around the entire fuselage. This swirling action continued for
about 30 m (100 ft) upward. Peaks of the flames reached a height of approximately 60 m (200 ft).

" Motion pictures of the interior of the unprotected section, although obscured by dense smoke,
show flame penetration within 1 minute after ignition. After 2 minutes, fhe unprotected section
apparently collapsed and was completely destroyed.

Meanwhile, in the protected sec;ion, the mot‘ion pictures showed no smoke, the gas-sampling
probe showed no toxic gas, and the thermocouples showed no temperature change. A power failure
prevented further motion pictures of the interior énd necessjtated removal of the probe containing
the motion-picture cameras and the gas-sampling equipment after 5.5 minutes. The last gas sample
was taken S minutes after ignition and still showed no toxic gases.

The fire lasted for 12 minutes, at which time the fire in the ponds burned out, and only
residual flames remained around the edges where fuel had soaked into the dirt mounds surrounding

the ponds. '
Following the test, the visual comparison between the protected and unprotected sections was

dramatic. -Figure-4+3- shows virtuaily no trace of the unprotected section, whereas the foam-

protected fuselage is intact. The interior appears habitable, as-shown-by—Eigure-44« Some time

during tailoff of the fire, flames reached a relatively unprotected floor seam élong the top of the ‘

dirt mound supporting the test secﬁbn. Heat penetrated at this point, and eventually resulted ina




slight burn-through, which caused considerable blackening-of the walls. This occurred after the main
fire burned out and is attributed to the design of the test and not to a failure of ‘the thermal-
protective systerﬁ.

Soon after the fire died down,'fire.hoses_wére played on the test section, to preserve it for

study, and on the remaining flames around the edges of the ponds.
RESULTS AND DISCUSSION

Cabin Air Temperatures. The cabin air temperature histories were used to analyze the results.

Hiese—histories—are—plotted—in—igure~t5- In the 'vunprotected ‘'section, the air temperature rose to

300° C (600° F) in-less than 2 minutes after the start. of the fire and was climbing rapidly. By this .

. time, the unprotected section was destroyed. In contrast, the temperature in the protected section
changed very little for the first 6 minutes; then, as the heat finally penetrated, thé~tehperature rose
faster, reaching 150° C (300° F) as the fire bufned-out'in 12 minutes. A

To give an idea of the chance that passengers might have had of surviving inside the cabin, a

curve labeled “Human tolerance limit™ has been plotted. This curve is a composite of two studies of .

exposure of humans to extreme heat *  and represents more severe conditions than existed in
- our test. Also shown for comparison is the exposure envelope for the sauna-bath ritual, which calls
for repeated exposures of 10 to 15 minufes ai temperatures from 80° to 100° C »(175° to 210° F).
This is done for the health. The fact that the temperaﬁure in the protected section just reached the
human tolerance limit (for more severe conditions) in-12 minutes, as the fire burned out, ihdicates
that, if temperature were the 6nl'y consideration,‘ passengers could ha_ve survived for this time.

Generation of toxic gases is as important a consideration as temperature. Up to 5 minutes into

the test, no toxic gases were generated. At this point, the gas-sampling probe was withdrawn; -

therefore, no measuréments were made late in the test. During the last few minutes before burnout
of the fire, segments of the fiber-glass-epoxy linef’reached' temperdturgs at whlch partial décomposi-
tion - of the resin might have occurred.lGases might have been generated that could have been
somewhat toxic. Although such gas generation was a 'p.ossibility, the amqunf of toxic fumes Was not
believed to have been Asufficiently high to have influenced survivability', even at 12 minutes. |

If this test represented an actual airliner cra:sh-';'ﬁre at an airpd'rt', fire-fighting équipment

generally could have reached the airplane and extinguished the fire in less than'8'_minutés.- At this

¥
H
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point in the test, conditions were much more favorable for surv{ival thaﬁ at 12 minutes, and there
would be no question of either heat or toxic gases endangering life in the cabin. Thus, the concept
of passenger protection was adequately demonstrated by this test.

~ Consider again briefly the analysis of the Aca-_bin"air’ témperaturé. After the fire burned out in
the ponds, small flames remained along the sides of _the test section from residual fuel that had
soaked into the dirt mounds surrounding the pdﬁds. At 12.5 minutes after the start of the fire, the

air temperature suddenly increased, indicating flame intrusion into the cabin. The éra’cks at the

- floor-wall intersection are believed to have occurred at this time. The cause of the cracks, which

resulted from melting structure, is discussed later. The flame intrusion was probably rather small,
being limited to the low flames remaining at the edges of the ponds. At 14 minutes, water hoses

were played on the protected section and on the remaining flames, causing the cabin ai’r tempera-

ture to drop rapidly.

Sources of Cabin Heating. Although thé éystem of foam, paint, and fiber-glass '.liner gave
satisfactory protection, ways were explored to'im:pro\ve the system, with the objective of indicating
how the weight might be reduced. The most useful information from this standpoint is the thermal
data. Accordingly, these data were analyzed to identify and evaluate the sources of heating. To aid

in the analysis, temperature histories at various locations in the cabin for the last 5 minutes of the

test were plotted. 4
this-figure-is the temperature of the air measured in the middle of the cabin, on the fiber-glass liner
at a location alongside the air thermocouple, and in the foam 0.6 cm (1/4 in.) away from the fiber
glass. Note that the temperature of the air was higher than that of the fiber-glass liner, and the liner
temperature was higher than that of the foam. This means that the air was heating the sidewall of
the cabin. This reversal in heat-flow direction was unexpecfed, and it indicates that most of the
cabin heating came from heat leaks rather than through the main area of the side walls. |

Two sources of heat leaks are identified by the temperature-histesies-shewn-in-tigure-i+. The
temperatures were measured over a frame and on the fiber-glass liner opposite ;i region of the foam
that had fissured. At both of these points, the temperatures were well above the air temperature.
These temperature histories typify the two primary sources of hcaf leaks. The frames formed highly
conductive heat-flow paths through the foam. Calculations indicate that about one-third of the total
heat input to the cabin for the last 5 minutes of the test came through the frames. Fissuring of the

foam was the second source of heat leaks. The sudden increase in fiber-glass-liner temperature



indicates the appearance of a fissurc in the foam. These fissures apparently were the primary source

of heat leaks into the cabin, and, according to calculation, contributed over half the heating of the

cabin. £

\ 3 The deep cracks, some of
which penetrated clear to the fiber-glass liner, were obvious heat-fl'ow paths to the liner. -

To minimize heating from the frames, the ohvions solution would be to insulate the fiber-glass
liner from the frame flanges. Because of its low thermal eonductiyity, isocyanurate foam. woli_l_d be a
good material for this application.. Caleulations'indicate that, 1f 1.3 cm (% in.) of foam were olaced
between the frame ﬂanges and the fiber-giass 'iiner; the heat input from the frames (:_oiild be
decreased to one-fifth of the value with no insulation. ' . _

The problem of fissuring of the foam is one that needs further study. Tests have shown that
isocyanurate foam in'the lower—density range (30 to-'.40“ kg/m3? (2 to 2.5 Ib/ft3)) do'es not "Ifissiir_e.
Laboratory studies made since the fire test shOw‘that the loi,ver-density foam, be'cause.of its greater

integrity, provxdes thermal protection equivalent to that of the higher-densny foam (65 kg/m’ 4

1b/ft3)) used in the fire test. This means, of course that the lower-den51ty foam should give as good

protection in a fire as was provided in the test by the higher-density foam. Use of the lower-density

foam would have the advantage of providing a much lighter installation.

There are several possible explanations for the fissurmg The most obvious one is that the

- higher density creates greater stresses upon heatmg of the foam_than the lower- densnty Spraymg the
foam, which undergoes an exothermic reactlon upon curing, against cold aluminum structure might
create built-in stresses that are relieved when the foam is heated. Other processing problems could
also have led to the conditions that caused fissunng These various possibilities must be studied to
eliminate fissuring. ' _

Floor-Line Failure. Another area for improvement is the design of the ﬂoor-line Iprotectio'n' In
. order to understand how to improve the de51gn the cause of failure during the fire test should be
examined. Mﬁe&-hw&he—ﬁa&ma—ém&ep@d Dirt had been banked part way up the
fuselage wall to create a mound that formed one snde of the fuel pond. The .rnou-nd- stop‘ped just
below the floor line. This protected the bottom part of the fuselage fro.m the ﬁre, but lelf_t exposed a
portion of the structure just below the floor line ‘Heat frorn' the fire finally melted-:the exposed
frames to which the floor beams were fastened Thus, the support for the ﬂoor was removed and
this caused the floor to sag just as the fire was bummg out. This opened the ﬂoor-lme cracks and

allowed the flames to enter the cabm
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In the foam installation, the floor foam was placed on top of the floor structure, where it did
not protect the primary structure. This installation proved satisfactory for the test of the protective
concept, but an improvement in design of the protective system would be required for an opera-
tional installation. To protect the floor structure properly, thé foam should be placed under the
structure, as-shewn—itigure—20- The foam should surround the primary structure to protect it
from melting.

Weight Penalty. Because of its ablatjve character, the fire-retardant foam generally provides

increased fire protection with increase in density. Accordingly, the foam in the test fuselage was

- made heavier than usual, with the intent of providing protection equal to the protection that would

have been obtained from a thicker.application of lower-density foam in a larger airplane. Analysis of
the data from the fire test indicates that the foam installation was heavier than needed for adequate
fire protection. . |

Now consider the various factors that would permit a reduction in weight. First of all, as was
mentioned previously, by mii)imizing the heat leaks, one could expect improved thermal perfor-
mance, which would permit a reduction in weight. In fact, the indication was that the foam density
could be reduced from 65 kg/m® (4 Ib/ft®) to about 40 kg/m? (2.5 1b/ft3) with no reduction in
performance. Also, by designing for a shorter protection time, such as 8 minutes instead of 12
minutes, the required protection and the corresponding weight could be further reduce‘d.

Based on these considerations, an estlmate was made of the weight penalty for installation of a
ﬁre -protective system in a typical modern-day airplane — an airliner with a gross weight of 180,000 -
kg (400,000 Ib). The increase in weight is estimated to be 1.5 kg/m?® (0.3 Ib/ft?) of protected
surface area. This would increase the gross weight 770 kg (1700 Ib). The corresponding increase in
structural-weight fraction would be from 30.0 to 30.4 percent.

It should be pointed out that the protective system discussed in this paper would be
essentially a retrofit installation for airplanes currently in service or in production. The foam would
be added for the single purpose of fire protection. No advantage would be taken of its other useful
characteristics, such as high compressive strength and compressive modulus or acoustical damping
properties. To utilize the foam most effectively, the foam and structure should be integrated at the
beginning of the structural design phase foi' a new airplane. With this approach, it is conceivable that

the structural gain would permit the additib_n of foam with no weight penalty.



CONCLUDING REMARKS

A test that constitutes a first step in developing a system to protect passengers in a crash fire
has been described. Many problems, such as protecting against fuselage rupture and providing
protection for windows, must be solved before such a system can be used. Nevertheless, results of

the test give promise of providing p:joteétion for passengers caught in a crash fire.
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THE PERFORMANCE OF LIGHTWEIGHT PLASTIC
FOAMS DEVELOPED FOR FIRESAFETY

By Richard H. Fish
NASA Ames Research Center
Presented by Dr. John A. Parker at the WESRAC-Fireproofing and Safety
Symposium, May 27, 1971, Los Angeles, California
ABSTRACT

Research on the chemistry of ablation for protection of spacecraft
during atmospheric entry has led to the development of a new class of
fire-retardant materials; namely, lightweight plastic foams. The foams
have been developed principally to protect aircraft structures and ex-~
ternally mounted‘fuel tanks from onboard fires in flight.

F1re-retardant foams have been made from urethane, isocyanurate, and

polybenzimldazole The density of the foams. ranges from 2 to 30 lb/ft
Addition of randomly placed quartz fibers to the urethane and isocyanurate .
foams increases their density and improves the stability of the char

formed on heating. For example, by adding fibers in a 10-percent concen-
tration, the density of the urethane foam is trlpled and the fire-
protection capability is increased flvefold The fire-protective
capability of the isocyanurate foam system is, twice that of the urethane
foam and four times that of commercial isocyanurate fire-retardant foam.

The varlous f1re-retardant materials are described in this .paper, and
the performance . of these materials when exposed to a fuel fire is illus-
trated. Wherever possible, performance is compared with presently avail-
able commercial developments. Although the materials were developed
primarily for aircraft use, a discussion is glven of other possible areas

of application.

INTRODUCTION !

The work at Ames Research Center on fire:protection and fire sup-
pression was started in September 1967 and was motivated by the realiza-
tion that the principles utilized in the protection of entry vehicles
from aerodynamic heating could be used to give some.measure of protection
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from both spacecraft and aircraft fires. The use of a low-density,
polyurethane-based foam material to suppress a fire and to provide pro-
tection for the structure of an aircraft or spacecraft will be discussed

and described.

In this program, certain ground rules were established that hopefully
would avoid the normal long leadtimes between the generation of an idea
and the production of a final useful product. -First, a team of special-
ists from a number of organizational segments at Ames Research Center
was gathered so that special skills-could be concentrated on the problem
in all disciplines needed. Second, it was stipulated that only commer-
cially available materials were to be used in the first phase of the
program to avoid the time delsys in inventing and producing new material
systems. These actions provided rapid progress and produced a useful
product that could be improved further with additional work.

THEORY

The protection of any structure, entry vehicle, or aircraft against
damage by heat can be accomplished by the same basic protective mechanisms.
The source of heat is not important; heat generated by fire or by a hot
gas cap surrounding an entry vehicle is much the same, To damage a struc-
ture, heat must be carried to the structure by either free or forced con-
vection or by radiation. Therefore, in principle, any or all of the
heat-protective mechanisms can be utilized to afford protection

(fig. 11-1).

The simplest.form of heat protection is one that provides a high
resistance to heat flow between the heat source and the structure. Low-
density foam with'a low thermal conductivity provides this feature. An-
other important mechanism, often overlooked in.fire protection systems
but widely utilized in spacecraft thermal-protection systems, is the re-
lease of gases from the thermal-protective material when subjected to
heat losd. ‘These gases serve to protect the system in two important ways.
First, gases near the surface flow against the incoming heat, thus imped-
ing the flow of heat to the surface. For example, in a spacecraft being
protected against reentry heating, gases can block nearly all the con-
vective heat flow: Second, in protecting against a fuel fire, gases can
Ve made rich in hdlogens that can chemically scavenge the chain carriers
by which fuel flames are propagated and thus serve as fire-extinguishing
agents.” This principle has been utilized in the polyurethane systems.

Another mechanism that affords protection;against‘fires is a pro-
duction of char resulting from the action of heat on.the materials. If
char with low thermal conductivity and high oxidation resistance can be




formed, it will not only afford protection by virtue of low thermal con-
ductivity, but the surface will reach a high temperature and thus will
be capable of reradiating a large fraction of the incident heat load.
This mechanism is utilized in the systems that are being developed. In
the polyurethane foam material, polyvinylchloride has been added, which,
when heated, causes the polyurethane to form a stable, tough char of low
thermal conductivity. This idea came directly from work on thermal pro-
tection systems for reentry vehicles.

An important point about the systems to be discussed is that these
systems react to an applied heat load to provide a number of protective
mechanisms not present.in a system that does not respond to a fire. Thus,
these are not passive systems; rather, they are dynamic systems that pro-
vide protection when exposed to a fire.

MATERIALS

The properties desired in a foam system for fuel-fire proféction
are as follows.

1. Impact ignition

a. Low density-void-filling capacity to eliminate atomization
of combustible liquids

b. Closed-cell foam structure with self-séaling skin to prevent
outpouring of combustible liquids

c. Pyrolysis at low temperature and at high rate to give hydro-
gen bromide, hydrogen chloride, or hydrogen fluoride and free radicals to

inhibit ignition
2. Sustained fire protection

8. Decomposes at moderate rate to give low molecular weight
species to suppress flames

 b. Excellent low-heating-rate ablation efficiency to minimize
heat trensfer to aircraft structures

!

Several foam systems have been developed to provide a selection of ma-
terials with specific properties for various applications.

.
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Urethane Foam (Ames Type 5I)

Urethane systems were examined and modified to yield the S5I composite
foam, a base of a methyl glucoside and propylene oxide. A halogenated
polymer, polyvinylchloride, which increases char yield and pyrolizes to
release HC1l gas that acts as a free-radical flame scavenger, was added to
this basic polymer system. An inorganic salt, potassium fluoroborate,
also was added to the foam system. The function of the inorganic salt
is twofold: the salt produces fire-quenching or suppressing species,
and the decomposition products of the salt potentially can react with
the degradation products of the urethane foam.

The specific action of these alkali metal salts of fluoroboric acid
is shown in figure 11-2. Degradation forms boron trifluoride, which can
serve as a fire-quenching species and also react with the carbonaceous
char to form carborane or boron carbide-like structures. A cross section
of 5I foam undergoing thermal degradation and frozen in time is shown in
figure 11-3. The outgassing of suppressant and scavenging species that
cool the integral char structure can be seen as they are injected into
the boundary layer. The highly emissive surfdce reradiates much of the
incident flux, resulting in better sustained thermal protection

(ref. 11-1).

The third additive that can be incorporated in foams to provide
fire-quenching or suppressing species is microencapsulated volatile
halogen-bearing molecules. With thermal degradation of the microcapsules,
the halogen-bearing molecules are released, resulting in dilution of
ejected gases and also providing species that can act as free-radical
gquenchers on the fuel-fire propagation species of the flame. A micro-
capsule, or balloon, and fire-retardant filler are shown in figure 11-k.

Urethane Systems (Fiber Loaded)

In areas where higher shear loads, both mechanical and thermal, are
encountered, fiber-loaded 5I foam may be used.. Of many fibers tested,
short glass.or quartz fibers (about 1/b-in. long) in a 10-percent-by-
weight concentration performed very efficiently. The addition of these
fibers usually will increase the density of foam approximately threefold.
However, the improvement in other thermal physical properties may out-

weigh the weight penalty. In its ‘density range (i.e., 5 to 6 1b/rt3),
this foam, designated 5I10AQ, performs very well under low heating rates.



Isocyanurate Rigid Foam

To obtain higher char yields than could be obtained with the ure-
thane system, further research was needed. A new system, polyiso-
cyanurate polymers, seemed to be one of the most promising (ref. 11-2).

An isocyanurate ring structure is formed by the cyclization of
three isocyanate groups. The use of a polyfunctional isocyanate, such
as diphenyl methane diisocyanate (MDI) or a polymeric isocyanate (PAPI),
gives rise to a polymeric isocyanurate polymer. Polyisocyanurate poly-
mers exhibit improved temperature stability when compared to a poly-
urethane polymer. The cyclization reaction is illustrated in figure 11-5.

The practical problem with the polyisocyanurate polymers for use in
low-density foam materials is that of brittleness or friability of the
foam structures. The brittleness is attributed to the cyclic structure
that restricts motion in the polymer chain. The brittleness associated
with the polylsocyanurate polymers has llmited the use of this polymer
-sytem in low-density foam applications.

" Investigations into methods to reduce the brittleness of the poly-
isocyanurate polymers were undertaken. - The technique demonstrated to
have the most utility is that of introducing urethane linkages into the
polyisocyanurate polymer. The disadvantage of this approach is the in-
troduction of less stable urethane linkages in the system, which can
lead to flammable gaseous species evolved during thermal degradation;
so the choice of polyol to be used and the amount are extremely impor-
tant. F1rst th'e polyol fragment must result: in a char independent of
the urethane linkage. Second, the reaction to form a high-temperature
stable structure should occur before the initial urethane linkage degra-
dation to mlnlmlze volatile fragment formation. Third, the polyol should
have a lowihydroxyl number so as to convert as few as possible of the
isocyanate groups to urethane linkages in the polymer system. Fourth,
the polyol should have a high molecular weight and low functionality so
as to impart mechanical flexibility to the polylsocyanurate-polyurethane
polymer structure.

Acrylon1tr11e was selected as the grafting monomer because nitrile
linkages cyclize to form high-temperature stable heterocyclic ring stru-
tures when exposed to a thermal environment. Potassium fluoroborate,
which improves char strength in polyurethane foams exposed to thermal
environments (ref. 11-1), and zinc oxide, which aids in the curing of
the acrylonitrilF fraction, were added to the basic poljmer system.

N i

When a closed-cell foam is heated, the gas pressure in the cells
increases. At approximately 250° F, the foam is softened to a degree
that the increased gas pressure causes the foam to swell. Continued
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heating in air causes the foam to begin degrading to a carbonaceous char
structure while outgassing various compounds and shrinking in size. These
changes in size are plotted as a function of temperature in figure 11-6.
It may be seen that the isocyanurate foam (X-ISO) maintains better di-
mensional stability than the urethane foam (Ames 5I). If the thermal
gravimetric analyses (i.e., weight loss with increasing temperature) of
these two foam systems are examined (fig. 11-7), it can be seen that the
major reduction in weight occurs at a higher temperature with the X-IS0
versus the 5I foam. At the higher temperatures, the increased weight of
the X-ISO foam also can be seen, with the realization that this almost
50-percent increase at 1000° F represents the "char yield" that it was

hoped to increase,

Increasing the char yield is shown to be a linear function of the
molecular structure of the polymer (fig. 11-8 and ref. 11-3). It now can

-be seen that the, consequence of the cyclization of three isocyanate
groups to form the isocyanurate ring structure led to a higher number of

multiple bonded aromatic linkages per gram., Therefore, the higher per-
centage of char yield could be foreseen. :

Higher Density Rigid Foams

Polybenzimidazole (PBI) (fig. 11-8) currently is being investigated
for possible use;as a refurbishable spacecraft heat shield. In this ap-
plication, a foam matrix of PBI would be impregnated with a suitable,
fire-extinguishing, ablating material. When it is exposed to a heat
source, the impregnated material would ablate iaway, leaving the PBI foam.
The PBI would then be reimpregnated and reused.

Another high-density material that is being investigated for high-
temperature applications is polyphenylene. Although not directly used
for firesafety, polyphenylene material with a 90- to 95-percent char
yield currently is being made at Ames. and tested for possible brake-

lining application.

JESTING RIGID FOAMS

Sustained thermal protection presents a need for more sophisticated
tests than have been or are in use as screening tests at many laborato-
ries. The ususl small-scale tests provide only limited data that are
useful primarily for classification of a, new material. On the other hand,
full-scale simulation tests are too expensive,:unwieldy, and time-
consuming for -daily ‘screening of candidate materials.' -Thus, a new test
was required by which the fire-protective effectivéndss of the newer
class of foam composites could be evaluated.



A free-burning JP-h fuel fire gives a total heat flux of approxi-

mately 30 000 Btu/ft -hr, of which the radiative component is approxi-
mately 90 percent (ref. 11-2). To achieve a test that would approximate
this environment, a specialized thermal test 'fixture was developed. This
thermal test (T—3) allows for limited control of environment and rapid
screening of materials. Data are acquired for backside temperature as
a function of time, and observations are made of the physical behavior

of the sample in the environment. : |
1

A schematic drawing of the Ames T-3 thermal test facility is shown
in figure 11-9. .An oil burner is used to burn JP-4 jet aviation fuel
at the rate of approximately 1-1/2 gal/hr in the firebrick-lined chamber,
and the combustion products are exhausted out the top rear of the unit.
The test facility has the following test areas: (1) directly over the
combustion chamber, (2) in the flue to the rear of the combustion chamber,
and (3) inside the combustion chamber under direct fire impingement. The
flux levels avallable in each testing area are indicated in figure 11-9.
For test area 1, the major portion of the heat flux (90 percent) is radia-
tive. Area 2 iq a reducing environment where the mode of heat transfer
is distributed equally between radiation and convection. In area 3, the
main mode of heat transfer is mainly convective, with direct 1mp1ngement
on the surface of the material. : i

: !

The T-3 thermal facility is used for foam-screening tests. For most

foam screening, .area 1 is used, and the flow rate to the burner is ad-

Justed to maintain 10 to 10.5 Btu/ft -sec (36 000 to 37 800 Btu/ft -hr)
total heat flux. The area 1 temperature at the hot face of the sample
is maintained aﬁ 1700° F mimimum throughout the test.

The foam samples used for the test are 12- by 12- by 2-inch speci-
mens. The sample assembly is shown in figure 11-10. The samples are
backed with 1/16-inch-thick 2024-Th aluminum alloy bonded to the surface
of the foam with’ an epoxy resin. -The backplaﬁe hes a 2.5-inch-diameter
hole in the center, to which is bonded & 2-inch-diameter aluminum calo-
rimeter of the same class and thickness! The aluminum back or supporting
plate has a dual‘functlon. First, it reépresents a more practical approach
to the applicatién in which the foam will be used; and second, it acts
as a supporting plate for the foam in the T-3 test and prevents any warp-
ing of the foam sample during test. '

After a period of conditioning at standard laboratory conditions
(1 week at T4U® Fiand 50 percent relativeé humidity), the samples are tested
in the T-3 thermal facility. A mask of asbestos millboard, 12 by
12 inches, with a T-inch-diameter hole in the center, is placed against
the face of the foam and then placed over areg 1. The aluminum backface
temperature is recorded continuously for the test duration.
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Plotted in figure 11~11 are time-temperature histories for a bare
control plate, the Ames-modified urethane system 5I (ref. 11-1), the
Ames-modified polyisocyanurate system, and a conventional polyiso-
cyanurate foam. The plot shows that the Ames-modified polyisocyanurate
foam is far superior to the conventional polyisocyanurate foam presently

"available. Even the Ames-modified polyurethane foam gives backface

temperature-time histories equivalent or better than the conventional
polyisocyanurate foam. The major reason for the poor showing for the

. conventional polyisocyanurate foam is that deep fissures develop during

thermal test. Application of the backplate or support plate to the con-

. ventional polyisocyanurate foam results in catastrophic thermal-stress

failure, which is characterized by the loud sounds heard during tests.

' The rapid temperature rise for conventional isocyanurate foam results

vwhen fissures progress directly to the temperature-sensing disk area.

.Apparently, better performance results from samples in which fissuring
progresses to the backplate adjacent to the center disk but not directly

over the disk. Because the disk is shielded from the backplate, the
temperature is not a true representation of the substrate temperature
and is not shown-on the figure. Even though Ames urethane foam has a
char yield less than the conventional polyisocyanurate foam, it may be
seen by the plot:for backface temperature as a function of time’ that
the Ames material is better than the conventional polyisocyanurate foam
because of the superior char integrity of the Ames polyurethane. There-
fore, it is significant that a high char yield must be obtained and that
char' integrity is necessary for sustained thermal protection. (See
fig. 11-11 for the Ames isocyanurate foam.) '
i .
The physical properties of the modified polyisocyanurate foam are
tabulated in table 11-I. The data require little comment other than to
note the favorable properties of the polyisocyanurate foams. The tensile
and compressive properties of the polyisocyanurate are superior to the
Ames polyurethane foam. The most significant feature of the polyiso-
cyanurate foam is the increased times to reach specific backface

temperature.

i

S

Many factors enter into the improved backface temperature-time

~histories of the foam composites. These are reradiation from the front-

face surface, transpiration cooling, thermal conductivity, endothermic

- decomposition, and surface recession and thermal conductivity. These

factors were improved in the modified polyisocyanurate foam, as indicated

.by the higher char yield and integrity and lower thermal conductivity,

resulting in longer time to reach specific backface temperatures..



NEOPRENE-ISOCYANATE FLEXIBLE FOAMS

To achieve a "nonburning" flexible foam system, Ames modified a
neoprene-isocyanate foam by adding a halogenated copolymer, "Saran A,"
and postcuring the foam to 275° to 300° F to increase char yield; the
resulting char yield was 38 percent at 1000° F. These foams were tested
ballistically in assemblies such as the one .in use at Wright Patterson
Air Force Base (fig. 11-12). The internal reticulated foam is present
to reduce hydraulic "ram effect" and internal ullage explosions. The
candidate foam is placed outside the cell between a function plate and
the back cell wdll., When corrected for off-bore hits, the number of
fires per round in the flexible foam is reduced to zero.

FLEXIBLE FOAM FIRE BLANKET

A utility thermal blanket using the neoprene-isocyanate flexible
foam was developed; that is, a l/2—1nch-thick sheet of the flexible
foam was placed between two sheets of asbestos, thus forming a sandwich
of foam in asbestos. This blanket could be placed over stockpiled
materials and dafford protection in the eventi of a fire. To demonstrate
the usefulness of the foam, an ammunition can was wrapped with the
blanket (fig. 11-13) and immersed in a JP-4 fuel fire. The temperature
of the 50-caliber ammunition inside the box was monitored, and the re-
sults are plotted in fig. 11-1k. The temperature-time history for -an
unwrapped box also is shown on the same plot., Longer protection times
could be expected from a blanket draped loosely over boxes of ammunition
than for a single box wrapped tightly as it was for this test.

l .

CONCLUSIONS

It has been shown that the use of low-density plastic foams can be
modified for use in effective thermal protection systems. Further work
in the areas of!' reduction of flame spread, smoke generation and cla351-
fication, and tox1c byproducts is continulng. »

However, it must be emphasized that thezeffectiveness of many fire
suppressant or extinguishing materials lies in the generation of a large
quantity of gaseous products. For the most part, these gaseous products
range from mildly to severely toxic.

77

"L"~\

g
Y
.




78

REFERENCES

11-1. Parker, J. A., Riccitiello, S. R.; Gilwee, W. J.; and Fish, R. H.:
Development of Polyurethane for Controlling Fuel Fires in Air-
craft Structures. SAMPE J., April/May 1969.

11-2. Riccitiello, S. R.; Fish, R. H.; Parker, J. A.; and
Gustafson, E. J.: Development and Evaluation of Modified Poly-
isocyanurate Foams. for Low Heating Rate Thermal Protection —
Preliminary Data. Paper presented at Symposium on Flammability
of Plastics, Society of Plastics Engineers, New York, May 1970.

11-3. Parker, John A.; and Winkler, Ernest L.; The Effects of Molecular
Structure on the Thermochemical Properties of FPhenolics and
Related Polymers. NASA TR-R-276, Nov. 1967.



:H mH AMN.N OV A L T o e & o e o .-ng
‘xsnorpusdaad ‘yj8usiys Iwayg
om HN AMNWH Qv ® 6 6 e & e ¢ o ¢ & o o o @ .ﬂmm
‘TerTeaed ‘y3Busays oTIsuly
00§ 09¢ (Te9T a) e s+ ¢ 1sd ‘xemorpuadisg
000T 009 (1291 a) ot e e e o o« 1sd ‘TOTTBIBY
:snnpom aATssaxdmoy
6T ST (Tegt q) seocoo s o 1sd ‘xeTnorpusdisg
N.N mN AHNWH Qv ® * o o o+ e o e e ﬁm@ aHWHHd.H.Nm
1y3fusags aarssazdumo)
‘mnwsmﬁsmnﬂpanhamm ButysTNBUTIXe~-J o8 (2691 a) ottt s r * * J0UBYSTSOJI AWETH
2c000°0 62000°0 R ey
0ST°0 SlT°0 (LLT D) e e e e e molnnlmpm\nﬂaspm
. :£3TAT3ONpUOD TEWLISYY
L2 o3 ¢2 62 (ee9t a) I mpw\pa ¢fqTsusp TeuTWOYN
noI ausyja.am - poyjem SWeOJ “dfRaNUBAOOST PUB SUBYILIN
samy samy WISV sawy Jo satjxsdoad Teorsdug

[Hy 3uedxad g 7 06 ‘4

o€ ¥ oSL — SNOIIIGNOD ISAL]

SWVOd ZLVMANVADOSI QNV ANVHIZHYN STAV d0 SIIIYAJOYd TVOISXHd -°I-TT TIEVL

79



98L 06¢ €] semy Tttt ot 98s g ,00% 03 Bwrg
99¢ 0) £ EL sowy © ot s st c28s g 002 03 SWly
. aangexadway 90BINOBY
mcm m AM.N;HN Qv e« & & & & e e+ v e 8 = = qumUonm
‘oumtoa ‘uorydaocsqB I99BM
I auByjaan poylam SWEOJ 99BJNUBADOST PUB SUBYFIIM
sauy samy KISy samy Jo satjaedoad Teorsfyg

PapNTou0) = SWYOL

. [mg quedaad g 3 06 °d o2 F 6L — SNOIIIQNOD ISHI)

ma¢mmz<woomH.mz< INVHLINN SHWY 40 STIIYAIONd TVDOISAHd = I-T1 FTIEVL

80



INCIDENT REACTION
HEAT

Figure 11«1.- Pyrolysis mechanism of
char-forming ablators under uni-
directional heating..
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PRIMARY CHEMICAL DISSOCIATION
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Figure 11-2,- Thermochemical action of alkali fluoroborules.,



CO2 HCl BF3 Ho0

DIFFUSION AND THERMAL
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800-1000 °F
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Figuré 11-3.- Response of Inorganic salt + halo-

genated polymeracetate-modified polyurethane
foam to the heating input of a fuel fire.
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Figure 1l-b,- Encapsulated fire-suppressant particle
(microballoon).
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Figure 11-T.- Char yield in nitrogen of
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HEATING RATE = 10 Btu/FT2 SEC
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Figure 1l1-11l.- Performance of'variops fire-retardant .

foams in JP-4 fuel fire.

BORELINE TARGET AREA 55 IN. x 7 IN.

CANDIDATE
EXTERNAL FOAM
(5.5 IN. x 155 IN. x

~ VENT
RETICULATED

INTERNAL
FOAM

.090 IN. Al
STRIKER PLATE

( TANK DIAMETER 16 IN.

MAXIMUM LENGTH 48 IN. BORELINE

Figure 11-12.~- Wright-Patterson Air Force Base test
cell-17-gallon capacity tank,
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INTUMESCENCE: AN IN SITU APPROACH TO
THERMAL PROTECTION

By G. M. Fohlen, J. A. Parker, S. R.’Ricciiiello, and P. M. Sawko
. NASA Ames Research Center
Presented by Dr. John A. Parker at the WESRAC-Fireproofing and Safety
Symposium, May 27, 1971, Los Angeles, California
ABSTRACT

The phenomenon of intumescence, the swelling of a substance upon
the application of heat, has been used for many years in the form of
surface coatings as a means of protecting fire-sensitive building mate-
rials. With regard to experience gained at the NASA Ames Research
Center in the areas of polymer chemistry and ablation technology’ for.
thermal protectlon intumescent systems that mpay serve to protect a
variety of heat-sensitive components, such as. fuels, explosives, struc-
tural materials, and even man, have been reexqmlned. In this paper,
the evolution of intumescent coatings from the older carbohydrate-
phosphoric acid systems, through the nitroaniline bisulfate salts orig-
inally used by NﬁSA to the newer nitroaniline-sulfonic acids,
qulnonedloxlme—a01d mixtures, and nitroanilinosulfones, is described.

In the case of the nitroaniline derivatives, the intumescence is modeled
as & thermal self-polymerization of the: aromatic compounds passing through
plastic states, being expanded by evolving gaseous products to form
finely textured,,low-density foams. These foams have low thermal con-
ductivity, high m1531vity, and good resistance to ignition. The gases
that are evolved during the polymerization reactlon and that are injected
into the fire zone further serve as flame quenchers. The resulting poly-
meric foams are polyheterocycllc structures sjmilar to polyquinoxalines
or polyphenoxaz1nes. The development of several useful coating systems
to effect fire protection in a variety of appllcatlons is discussed.
.Potential ?ppllcatlons ranging from the prevention of weapons cookoff

to the improvement in the firesafety of building materials are
illustrated in simulation tests.

INTRODUCTION

As a result:of the disastrous fires aboard the Apollo spacecraft
and on the aircraft carrier U.S.S. Forrestal in 1967, the attention
of the Thermal Protection Group at the NASA Ames Research Center (ARC),
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whose previous task was the development of heat-shield materials and
thermal-protection coatings for spacecraft, was directed to the study of
protecting heat- and fire-sensitive materials in general.

One immediate goal was the development of: a means of thermal pro-
tection for stored bombs to prevent detonation when the bombs are sub-

jected to the heat of burning fuels. The bombs must be protected for a

time that is sufficient either to deploy' firefighting equipment or to

jettison the bombs. To accomplish this short-time thermal protection,

it. was desired to coat the bombs with ' a paterfal that would swell, upon

heating, to form a thermally resistant imsulabing layer. This process

or phenamenon of swelling with heat is called "intumescence" (ref. 12-1). -
Many people are familiar with a foﬁm of ﬂntumescence in the novelty

item known as Pharaoh's Serpents. Another example of this phenomenon is

the classroom demonstration that is usei to introduce the subject of

carbohydrate chemistry to college freshmen. In this demonstration, the

dehydrating action of concentrated sulfuric acid on sugar produces a

voluminous amount of black, low-density, carbonaceous solid.

; ] ”
The use of the intumescent process in the: form of coatings to pro-

_.vide thermal protection' for flammable substrates is not new. As an

example, such coatings have been applied to ce}lulosic ceiling tiles
for nearly 20 years. Early versions of these coatings made use of a

" reaction similar ko the sugar and acid m;xturegmentioned previously in
that the coatings: consisted of a mixtureof a tarbohydrate, such as starch,

as a char-forming material and a dehydra#ing catalyst, such as ammonium
bisulfate or ammonium phosphate, compounded with a binder. Upon heating,
these materials initially released smmonja gas, and the resulting sulfu-
ric or phosphoric: acid subsequently acted on the carbohydrate to yield
the low-density, carbonaceous char, formed by the action of the liberated
ammonia and steam (ref. 12-2). Continuing effdrts by chemical and coat-
ing manufacturers’to improve the intumescent coatings, both in the use

as coatings and as thermal protectors, have led to the use of various
other carbonif;c substances that usually.are drawn from the class of
polyols, such as pentaerythritol and dipentaerythritol. Other gas-
producing materiails and catalysts, such as ammonium polyphosphate,

- melamine phosphate, phosphoramide, and dicyandiamide, also have been

used in improved wersions (refs. 12-1 t0:12-3). The main drawback to
the use of these previously developed coatings ‘has been the lack of long-

- time stability to;outdoor weathering. This deficiency has limited the

use of thosé materials to interior or protected environments. What has

' been needed!is a coating that is able to jwithstand continuous outdoor
" . exposure -~ conditions of high humidity, rain, wide fluctuation in ambient

-temperature, and, for bomb application, exposure to salt spray.

RS

! : | -
With the advent of new high-temperature and oxidation-resistant

polymers, such as polybenzimidazoles, polythiazoles, polyphenoxazines,



and polyquinoxalines (refs. 12-4 to 12-T7), the possibility was suggested-
that new kinds of char-forming materials might be developed to -secure
improved intumescent coating systems with high-temperature resistance
that also would be nonburning, nonsmoking, and nontoxic, if a method
could indeed be found by which these polymers could be made thermally
~and in place. A general and idealized sequence of reactions required to
obtain stable heterocyclic polymers (in sufficiently low density to be
useful) formed by the process of intumescence is shown in figure 12-1.
The approach for this research was the selection of monomers or prepoly-
mers that are stable to at least 300° to 350% F and that thermally react
at temperatures greater than 390° F to give the thermally and oxidatively
stable, aromatic, heterocyclic polymers. During the process, the evolu-
tion of some and the partial retention of a firaction of the gases that
are byproducts of the condensation polymerization should form a low-
density foam in situ. As indicated in figurei 12-1, the polymerization
reaction must proceed through a molten phase to secure the desired degree
of plasticity during the expansion. To obtain efficient thermal protec-
tion, the polymerization and expansion reaction should occur preferably
in the dlrectlon of the applied heating. Anomher important requirement
of this polymerlzatlon process is that a suffliciently high degree of
polymerization bF obtained by the time the expansion is completed to
obtain a mechanically coherent foam structurer that will not collapse.

To secure & low thermal conductivity, the foam obtained by this
process should be predominantly closed cell and of low density. The
possibility should exist to select monomers or prepolymers that polym-
erize to give off gaseous byproducts that, in. addition to effecting the
foaming of the polymer, can diffuse into the flame boundary to block
convective heat transfer (ref. 12-1) and interact with and suppress
free-radical chain carriers that are characteristic of the flame-

propagation process.

. APPLICATION OF THE REACTIONS OF SUBSTITUTED
NITRO-AROMATIC AMINES AS INTUMESCENT MATERTALS

The formation of voluminous, black, spongy foam from the action of
heat on a mixture of sulfuric acid and p-nitroacetanilide had been de-
scribed by Alyea (ref. 12-8). In the study made at ARC, a number of
- variously substituted nitro-aromatic amines were examined for intumes-
cent properties (fig. 12-2).

As indicated in figure 12-2, the expanded black polymer was formed
from both o-nitroanilines and p-nitroanilines, as well as from substi-
tuted derivatives. These materials gave excellent expansion of TO to
240 times the original volume. The process was found to occur within
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a temperature range of 390° to 500° F. - Acetylation of the amino group
did not seem to affect the intumescent process. It was observed quali-
tatively that the resultant dark polymeric foam was extremely resistive
to the erosive action of an intense hydrocarbon gas flame. Originsally,
the belief was held that this intumescent reaction of nitroanilines
could be caused only with concentrated sulfuric acid; however, subse-
quently, it was found that the use of concentrated phosphoric and poly-

phosphoric acids also promoted the reaction.

The observation of the effect of heat .and sulfuric acid on
p-nitroaniline led quickly to the development: of the associated bisul-
fate salt as a dry compound, which is useful 'as an intumescent agent.
This compound was prepared easily from inexpensive, readily available
materials. The preparation and properties of this material are shown in
figure 12-3 (refs. 12-9 and 12-10). Upon heating the p-nitroaniline
bisulfate to temperatures greater than 430° F, a yield of black foam of
approximately 50 to 54 percent by weight is obtained that is stable to
temperatures grqater than 1020° F. , i

To investigate in detail the reactions that occur during intumes-
cence ‘three andlytical techniques were used.: Thermogravimetric analysis
(TGA) of the weight loss of a sample of p-nitroaniline bisulfate was
made, elemental ianalysis of the thermally reacted material was obtained,
and, in a separate experiment, the kinds of gases produced were deter-

mined by gas chromatography. '

- . An 8-milligram sample of the p-nitroaniline bisulfate described
previously was heated in dried, deoxidized nitrogen at a rate of 5.U° F
per minute. The weight loss was determined by means of a Cahn recording
electrobalance and plotted as & function of sample temperature
(fig. 12-4). The empirical formula for the initial salt can be written
as shown at the right of figure 12-4. The theoretical weights that cor-
respond to the thermolytic process also are shown. Three distinct and
sequential reactions can be seen to occur in going from room temperature
to 430° F, at which point, a sudden intumescence is initiated. The
weight loss associated with each of these three distinct processes is
equivalent, on a mole basis, to the loss of one molecule of water. This
loss produces a -change in the composition of the residue material as
indicated in ‘the empirical formulas at the right of the thermogram. The
water produced during this induction phase (that is, before intumescence)
does not contribute to the foaming process but rather is injected direct-
ly into the adjacent gas boundary. As indicated in the thermogram, intu-
mescence occurs at temperatures greater than U50° F with elimination of
sulfur dioxide, and more water is eliminated at, temperatures greater than

600° F.



Chromatographic analysis of the gases eliminated during the intu-
mescence confirmed that sulfur dioxide and water, both good flame
quenchers, were produced. Elemental analysis obtained on the black
intumesced foam that was formed at 482° F was obtained as shown in
figure 12-5. The analysis indicates that nearly all the sulfur is lost

and all the nitrogen is retained.

Coatings were prepared using the p-nltroanlllne bisulfate compound
as the intumescing agent. The coatings performed quite well in the
proper environment, as will be described subsequently. However, because
of the nature of the material (a salt of a weak base and a strong acid),
it was easily affected by the presence of moisture, giving an extremely
acidic milieu that both affected the vehicle in which it was combined
and corroded metallic substrates upon humid exposure. To circumvent.
these deficiencies, other intumescing agents were desired that were

neither easily hydrolyzed nor acidic.

One of the primary reactions between sulfuric acid and nitroaniline
is sulfonation of the ring. By keeping mixtdres of these ingredients at
temperatures below that of intumescence, falr yields of p-nitroaniline-
o-sulfonic acid.were prepared, isolated as an almost white powder. This
compound was found to intumesce qulte €éasily .at 450° F and to give a char
yield of 50 percent. The product of intumes lence resembles and is similar
in analysis to the materials obtained from pjnltroanlllne bisulfate. The
ring sulfonatlon in this second compound oveqcame the problem of hydro-
lytic stability 'encountered with p—nitroanllyne bisulfate, but the prob-
lem of acidity remalned It was found ithat tpe ammonium salt of this
sulfonic acid also would intumesce, but at a somewhat higher temperature
(572° F). This haterlal is prepared easily from the commercially avail-
able sodium salt by reaction with ammonium chloride. The TGA of this

material is shown in figure 12-6.

The intumescent reaction of the p-nitroaniline-o-sulfonic acid, or
the associated ammonium salt, is not discussed in this report. However,
the sulfonation of the aromatic ring is probably not a necessary step
in the intumescent reaction, and the ring-substituted sulfonic acid
actually acts as an in situ source of sulfuric acid when this compound
is heated. Thus, the reaction is similar to that of p-nitroaniline and
sulfuric acid.

S ‘

Continuing research into the reactions of nitrogenous aromatic
compounds has prioduced two other intumescent systems of interest. These
systems are bis-(l-nitroanilino)-sulfone that intumesces when heated
alone, and p-benzoquinone dioxine that intumesces when heated with con-
centrated sulfuric or phosphoric acid. In all these types of intumes-
cent reactions, the role of the acid apparently is primarily that of
dehydration.
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Although it has been speculated that the polymer formed during the
intumescence of p-nitroaniline bisulfate may be a laddered polyquinoxa-
line or polyphenoxazine (ref. 12-11}), no direct proof has yet been
obtained. The materials obtained in the thermal reaction of all these
classes of compounds are insoluble in all solvents tried, including con-
centrated sulfuric acid. Spectroscopié¢ examinations have been inconclu-~
sive, and the scissioning reactions tried have, thus far, not yielded
fragments that would aid in structure elucidation. The primary investi-
gative means used has been the elemental analysis of the black materials
obtained and has led to the speculation that structures of the products
of the thermal reactions gre combinations of recurring units shown in
figure 12-7, all derivable from the starting materials by addition, de-
hydration, hydrolysis, rearrangement, and ring closure to varying degrees
depending on the temperature to which the material is exposed. These
structures are similar to those proposed by Szita and Marvel (ref. 12-12)
and Stille and Freeburger (ref. 12-13) for polymers derived from more
complex starting materials in nonintumescing systems.

COATINGS

Two intumescing agents deseribed in the iprevious section,
p-nitrosniline bisulfate and the ammonium salt of p-nitroaniline-o-
sulfonic acid, were formulated into practical, useful, coating systems.
The key to the successful formulation of these coatings has been the
selection of a binder system that does not interfere with the intumes-
cent process, isi compatible with the intumescing agent, and will not
contribute significantly to the flammability of the system. The vehicle
should be eitheri thermoplastic or easily degraded thermally in the same
temperature range in which intumescence  takes: place.

The use of the p-nitroaniline bisulfate salt also required that the
vehicles selected as binders be relatively stable to strong acid. Water-
based vehicles that are commonly used in paints were also eliminated fram
consideration with the bisulfate salt because of their hydrolytic in-
stability.. Two vehicles were selected for use with the p-nitroaniline
bisulfate: nitrocellulose and a phenolic resin modified acrylonitrile-
butadiene polymer. The formulations are given in tables 12-I and 12-II.
The formulati'on using the ammonium salt of p-nitroaniline-o-sulfonic
acid is shown as: 45B3. This material did not, have the rather strict
limitations of vehicle selection as with the first salt, because it is
neither acidic nor hydrolytically unstsble. These coatings were pre-
pared by common paint-making techniques and were suiteble for conven-
tional brush or spray applications. The air-dried coatings had good

initial properties.



TESTS AND POSSIBLE APPLICATIONS OF COATINGS

Measurements in a typical JP-U fire with free convection showed
that heating rates applied to surfaces immersed in such fires are approx-—

imately 30 000 Btu/hr/ftz, approximateiy 90 percent in the form of radia-
tion. This fact made it possible to run screening tests on candidate
intumescent costings in the beam of a solar simulator (fig. 12-8) that

is capable of the delivery of 30 000 Btu/hr/ft2 to a 2-inch~diameter
specimen at a distance of approximately L inches from the focus.

This arrangement was used to screen various thicknesses of the in-
tumescent coatings described previously. The spectral distribution of
the solar simulator beam, which has its peak in the visible portion of
the spectrum, did not match that of the JP-L fire, which peaks at approx-
imately 2.5 microns; however, the thermal-protection process appears to
be independent of this difference in spectral distribution.

Intumescent coating formulation 341 was applied in thicknesses from
approximately 0.007 inch to approximately 0.065 inch on a 0.060-inch-
thick cold-rolled steel substrate. The test specimens, which were 1 inch
in diemeter, were surrounded by thermal insulation to eliminate edge
effects, and a thermocouple was mounted on the backface to provide the

tlme—temperature history.

The est o? an intumescent coatlné specimen in the solar simulator
beam is more severe than a JP-Ub fire for two reasons. Although the aver-

age heatlng raté at the surface is 30 000 Btu/hr/ft the intumescence
causes the surface to grow outward toward the focus where the heating
rate is higher.: Furthermore, there is a radial energy gradient in the
beam, and the irradiance is slightly hlgher on axis than the average
value over the area of the test specimen. ,

A history of the substrate backface temperature during the test in
the solar simulator is shown in figure 12-9. The bare metal without the
coating reached: 400° F in approximately 20 seconds. On a similar metal
substrate with the intumescent coating, the intumescence began within
approximately 1P seconds and was nearly complete within 20 seconds.

The thermal insulation provided by the intumescence caused a much
slower temperatyre rise of the metal substrate. The increasing slope
that occurred later shows the effect of the intumescence growing closer
to the focus of the solar simulator, where it experiences a much higher

heating rate.
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The results of numerous tests in the solar simulator beam and in
JP-4 fires are given in figure 12-10. These results show how the time
required for the substrate to reach a given temperature varies with
intumescent coating thickness. Temperatures of 300° and 400° F were
chosen as limits for presenting these data. The relationship is linear,
as might be predicted, because the thickness of the intumescence after
heating is directly proportional to the thickness of the coating before
heating. As can be seen in figure 12-10, the, times to reach 300° and
L00° F are shorter for the solar 81mulator tests than for the fuel fires,
demonstratlng the greater severity of the solar simulator tests.

The fact that the coating formulation 341, using nitrocellulose as
the binder, intumesces to give a thick, stable, closed—cell polymer that
is highly resistant to heat leads immediately to the possibility of its
application in such places as an airplane where fuel lines or hydraulic
lines exist in fairly restricted volumes. A fire in such a location
would be extinguished if the intumescence filled the available volume.
To test this, a simulated section of fuselage was ‘built, and two 2-inch=-
diameter tubes (81mulat1ng fuel lines) Vere installed through holes in
the section. This test setup (fig. 12-11) was 12 inches wide and.

5-1/2 inches dee The ends and one side of this box were sprayed on
the inside w1th fhe intumescent coating ito a thickness of 0.040 inch.
A fuel pan: contalnlng 200 cubic-centimeters of JP-U was placed under the
box, and the fuel was ignited. The fire caused the intumescent coating
on the surface to £i11 the available volume, thus extinguishing the fire
before 30 cubic centimeters of the fuel had been consumed.

: I

Because of the nature of the p-nitroaniline bisulfate salt and its
high loading in formulations 341 and 410-1A, these coatings did not re- .
tain good properties upon long exposure to humid enviromnments. The
acidity of this salt caused corrosion of metallic substrates and deteri-
oration of the vehicles. However, in certain controlled or protected
environments, or if suitably protected by a top coating, the coatings
have great utility as Just described. , !

: 1

The intumescent coating, formulation 45B3, is composed of the ammo-—
nium slat of p-nitroaniline~o-sulfonic acid dispersed in a binder composed
of equal parts of a polysulfide polymer and an epoxy resin. After appli-
cation, the| coating has a hard, glossy, abrasion-resistant surface. It
has good adherende to the substrate.

i ,

The coating has been tested for its  effectiveness in protecting a

structure from fire. The heating of a 1/16-inch-thick steel plate with

‘and without the protection of the coating is shown in figure 12-12. The

tests were made in a specially constructed furnace that exposed the
samples to a controlled JP-4 fire. With no protection, the temperature
of the plate rose to 400° F in less than 1 minute. When the plate was



protected with an 80-mil-thick coating, the heatlng of the plate to
Lo0° F was delayed for 5 minutes.

The effect of a high-humidity, high-temperature enviromment on the
thermal performance of the coating has been measured. The results of
this test also are shown in figure 12-12. The temperature history of a
coated steel plate that had been exposed for 30 days to high humidity
(90 percent) at a temperature of 100° F is compared with the temperature
history of the coated plate that had been conditioned in the laboratory
atmosphere (50-percent humidity, 73° F). The comparison shows that ex-
posure to the humid environment had no significant influence on the
thermal protection afforded by the coating. The small difference be-
tween the curves is within the limits of experimental reproducibility for

this test.

Samples of the coating also have been exposed for a 90—day period to
the natural weather conditions on the roof of the laboratory. Coating
samples on 3- by 6-inch steel plates were placed at a 45° angle above
the horizontal, facing south. During the period of exposure, approxi-
mately 9.7 inches of rain fell. The coating was darkened by the expo-
sure, but its intumescence was not affected. Figure 12-13 is a
photograph comparing an exposed test sample with a control sample, both
of which were heated in an oven to complete intumescence following the
exposure. No important difference in the intumescent characteristics of
the two samples is evident. The coating thus shows good stability under
humid environments for at least a 10-day period. Two environmental
tests are continuing.: , :

A slightly modified version of the 45B3 formulation was applied to
a simulated bomb casing consisting of a section of 5-inch pipe with
1/b-inch wall thickness. The time for the interior wall of the pipe
to attain a temperature of L00° C, the critical temperature for the
explosive charge was approx1mately 8 minutes. The time for an uncoated
section of pipe to reach the same temperature was approximately 30 sec-
onds. The intumesced coating appeared to have acceptable char integrity
and adhesion, whlch were better than other coatings tried. A full-scale
test using SOquound bombs is currently in progress. -

Many applfcations of intumescent coatings are possible; for example,
on electric motor casings; in fuel and chemical plants and tank farms;
and on engine canopies, ventilator grids, and building exteriors. At the
present state of development, it is not recommended that these coatings
be used in populated or unventilated areas because of the quantities of

sulfur dioxide released.

Preliminary specifications for the various coating systems have
.begn established and are availgble from NASA headquarters.
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A research contract has been let to study further intumescent coat- -
ing systems, especially the relationship of the properties of several
classes of polymers as vehicles, in combination with certain selected
NASA-developed intumescing agents. The influence of polymer type,
cross-link index, glass transition temperatures, and other properties
on the intumescent process is expected to result from such a study.

Other ongoing research within NASA will'study the chemistry of
intumescence and the synthesis of other intumescing agents, with the
objectives of developing materials more suitable for use in viable
environments and developing a range of activation temperatures. Another
possible result is the use of the 1ntumescent materials as an 1nexpen— '

sive, refurbishable, heat-shield material.
1
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TABLE 12-I.- VOID-FILLING THERMAL PROTECTION COATING

[Formulation 3L41]

Material Weight
Part A !
Nitrocellulose, ethanol-wet (12% N) 8.0
Methyl ethyl ketone 28.6
Part ? '
; ‘
p-nitroaniline bisulfate h3.7
Toluene o 19.7
Butyl acetate . 19.7
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TABLE 12-II.- THERMAL PROTECTION COATING

(a) Formulation 410-1A

Material

Weight

Phenolic modified acrylonitrile-
butadiene rubber solution

p-nitroaniline bisulfate
Cyclohexanone

Methyl ethyl ketone

29.h

Lk, 0
1k.5

12.15

0

(b) Formulation 45B3
)

Material

Weight

Part A
Polysulfide polymer

Ammonium p-nitroaniline-
o-sulfonate

Methyl ethyl ketone
Part B
Epoxy resin, liquid
Toluene
Part C
Tri(dimethylaminomethyl)phenol

Toluene

1k.1

57.0

28.9

1k.1

1kh.7

2.8

2.8
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Figure 12-1.- General sequence of reactions

producing intumescence.
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Figure 12-2.- Intumescent reactions of substituted
nitro-aromatic amines.
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Figure 12-3.- Synthesis and characterization of
intumescent intermediate p-nitroaniline

bisulfate.
WEIGHT ‘ '
 FRACTION THEORETICAL EMPIRICAL LOSS
REMAINING WEIGHT FORMULA
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Figure 12-l.- Typical TGA of p-nitroaniline bisulfate
(5.4° F/min in N2).
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Figure 12-5.- Elemental analysis of black intumesced
polymeric foam formed from p-nitroaniline bisulfate

at 482° F
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Figure 12-6.~ The TGA of p-nitroaniline-o-sulfonic acid,
ammonium salt (5.4° F/min in N, ).
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polymerization.
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F:Lg_uz"e 12-8.- Arrangement for tests of intumescent
coatings in solar simulator beam.
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Figure 12-9.- Comparison of bare steel and intumescent
coated steel in solar simulator radiation tests
(formulation 3kl1). ‘
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Figure 12-10.- Effect of intumeséent coating
thickness on backface temperatture rise
(formulation 341).



Figure 12-11.- Test setup of simulated fuselage
section coated with void-filling thermal
protection coating (formulation 3u4l).
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Figure 12-12.- Fire-protective effectiveness of L5B3
intumescent coating.
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Figure 12-13.- Intumescence of U5B3 coating after 90-day
exposure to outdoor environment (coating thickness
140 miles. )
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"OTHER NASA-DEVELOPED MATERIALS &

SOME INDUSTRIAL APPLICATIONS"

Speaker: Dr. Matthew I. Radnofsky
Chief, Crew Systems Division
Manned Spacecraft Center
Houston, Texas '
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- Dr. Matthew Radnofsky
Chief, Crew Equipment Branch
Manned Spacecraft Center

Houston, Texas

As Chief of the Supporting Development Branch of Crew
Systems Division, Dr. Radnbfsky is responsible for all work in
the nonmetallic ma;erials substitution program for Apollo.
crew provisions and in support of such other programs requiring .
materials development. After the;Apoilo explosion in 1967, |
Dr. Radndfsky‘headed up NASA's massive research'andkdevelopment-' -

effort in the areas of fire prevention and protection.

Df;'Radnoféky served from 1961 to 1966 as Assistaﬁt Chief
of the'ApollokSupport Office and as the Sjsﬁems’Manégef for
the Apéllo Suit Program, Crew Systems Division, where he was
reSponsible for.monitoring.Apollo Suit:Programs; din July, 1966
he traﬁsférred'to NASA Headquarters as.Senior Syéteﬁs Scientist
wifh~the‘dffice of Manned Space Flight where he worked on

advance missions analysis in the areas of materials and human

engineering.

Dr. Radnofsky received both his Bachelor's degree in Physicélf
and Biological Sciences, and his Master's degree in Physiology
from Boston University. In Mar, 1967, he was awa?ded an honorary

doctorate- from the University of Taiwan. .
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MATERIALS THAT WON'T BURN
A PRODUCT OF SPAC:Z RESEARCH WITH NONSPACE APPLICATIONS
by

M. I. Radnofsky E. W. Gauliai

+ One of the prime goals of the manned space program is, and always
has been, to make NASA-sponsored technology available for the general
benefit of an earth-bound populace. It is a goal of which you may be
only dimly aware--but let us hope that at the conclusion of these
remarks, you will join with us in enthiuisiastically seeking new appli-
cations for space age materials and technology

Since the inception of the manned spaceflight. program, NASA has
been actlvely engaged in a search for nonflammable materials to be
used within the spacecraft. ThlS NASA search,. conducted with the
assistance of industry, had led to a progression from the relatively
unsophisticated flameproof materials available ten years ago to the
great variety of fibers, cellulosics,'elastomers, and composites which
can now be fabricated intO‘nonflanmable or fire-retardant end items.

The ability to fabricate has, of eourse necessitated the develop-

ment of a technology capable of evaluatlng and properly utlllzlnc the
specialized materlals now available, Wlth this technology in hand, we
believe that many of the nonflemmableaénd fire-resistant materials
developed for spacecraft usage can, when properly adapted, make a

- significant contribution to the industfial, construction, transportation
industries, to the public services, and to domestic and institutional
concerns. ' ' :

We have made a small, but we believe significant, step by carving
out several small slices of this large;pie for special attention; fire
suits and pfotective garments;'aifcraff refurbishment, and housing
modular fireproof testing. Each of these programs will be discussed
in some detail in this paper.'’ ;

‘It is, of course, necessary in any evaluation and test program of

. this type to know first of all what nonflammable materials are available,
then to‘assessftheir properties, and f%nally, to choose those materials

with properties, including cost and availability, most applicable to
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the particular end use. So we will begin our discussion with material

)]

"which are available and which are eitheér nonflammable or fire-retardant

under specific conditionms.
Some of these materials, developed specifically for the space

program, are nonflammable even in oxygen atmospheres. This type of

nonflanmability would result in '"over kill'' for domestic applicationm,

unless this nonflammability is coupled with such desirable traits as

low cost and excellent physical characteristics.
Fibrous Materials

" Undoubtedly, the highest degree of nonflammability can be obtained
with inorganic fibers such as asbestos and fiberglass. :Assemblies cdn—
taining asbestos exhibit a high degree of resistance to the conductive
passage of heat;gnd are used in the spacecraft to fabficate containers
.for flammabie contents. | |

The fiberglass used most extenéively within the spacecraft is
called Beta, a fiber charactérized by an extremely fine diameter.
Textile structures can be fabricated from Beta to provide the maximum
in flexibility;and performance within the limits of the inherently low
abrasion resistance of fiberglass; Vé?ious techniques have been used
successfully to improve the abrasion resistance of Beta--techniques '

which have generally centered around tﬁe use of coatings, applied to

~either the woven fabric itself or to the individual yarns before

weaving.
Several treatments have been developed which, when applied to

aromatic polja@ide fibers, yield fabrics that are nonflammable in air

and in moderately enriched-oxygen atmospheres. Two of these materials,

Durette and Fypro, are discussed in detail under specific fireproofing

applications. {These treated fabrics exhibit the same excellent

physical and fabrication characteristics as the base material, and

i

- can be supplied woven, knitted, or as batting. Natural colors of

the fibers are golden, dark brown, and black; however, developmental
efforts to dye'the fibers with colors of requisite fastness are underway.



A phenolic-type fiber called Kynol, which retains its whole
identity when exposed to flame temperatures up to 2500°F, has recently
been déveloped. This fiber was originélly used mostly as felts and
battings, but spinnability has been improved to the extent that conven-
‘tional knitted and woven fabrics are now available. Suits made from
these fabrics have been demonstrated to be highly protective. outer
‘garments for firemen and race drivers.

"A more recent candidate is a fire;retardant wool (treated with a
chemical process called Proban) which meets many of the characteristics
"desirable for aircraft and other vehicle interiors. This material does
not burn in air, is available in a wide range of colors, and can be
considered for any application in which wool 1s a potential candidate.
A similar process, called THPC, is used to 1mpart fire-retardant
qualities to cotton and cotton-based fabrics.' '

For purposes of completeness, several materials that are used in
the spacecraft but are not presently con31dered for domestic applica-
tions are discussed briefly. Polybenz1m1dazole is an excellent fabric
. from almost every point of view, including nonflammability, but it is
presently comparatlvely expensive. Teflon fabric is nonflammable, but
has unsatisfactory drape and low ten31le strength. Metallic fibers are
expensive and lack durablllty. A new fabrlc from German Fnka closely

simulates cotton and is nonflammable, but as yet, is available only in

‘experimental quantities.
Nonflammable Paper and Paperboard

A cellulosic material, developed by the Scheufelen Paper Company
of Germany and processed primarily as a-paper, carbonizes in the
presence of a flame but does not propagate the flame. This non-
flammable characteristic is evident both in air and oxygen-enriched
atmospheres. This paper lends itself well to printing and, with some

minor exceptions, has physical propertiés that are comparable to con-

“ventional paper.

(]
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This paper can be processed into a continuous roll of 0.5 inch
thick foam, similar to papier-mache. When placed on a ceiling, Zor
example, the foam has both the appearance and function of conventional
acoustic tile and offers the additional advantage of nonflammability.

In addition to the Scheufelen paper, a process called Laminite
which treats cellulose-base fiberboardeith ammonium aluminum sulfate
has been evolved. The resultant material is minimally flammable in
oxygen and nonflammable in air. It can be formed wet, coated, cementea,

and joined like a composite; yet, it is lightweight and inexpensive.
Elastomers

Elastomers developed for the space progfam are fluorocarbons,
basically copolymers of hexafluoropropene and:vinylidene fluoricde.
Although the elastomers are themselves minimally flammable tnEOLOH
the judicious use of compounding 1ngred1ents and plast1c1zers non-
flammability and a wide range of phy31cal propertles has been achieved,.
Notable among these elastomers are Fluorel (developed by the Minnesota |
Mining and Manufacturing Company and available from the Mosites Rubber
Company.and RaybestosFManhattan Incorpo}ated) and Viton (developed by

~E. I. duPont de Nemours and Company (Di” Pont)) - The compounded
elastomers can be foamed, cast, molded,.or extruded. The materials
can also be applled as a paste, a coating, or a spray solution.

Mineral plgments in a wide variety of colors can be formulated
into fluorocarbon-based paints. Panels fashioned of elastomer-backed
nonflammable paper, to which decorative patterns have been applied,
‘have been manuﬁactured. The inclusion of asbestos in the backing
pronides insulafing properties. Such a lightweight, fireproof sandwich

~affords much ffexibility in decorative panél.design. Elastomeric '
coatings can be applied to polyurethane foams and to.cellulos1c materials
such as paper, Wood .and sponge, thereby effectively fireproofing the

materials for structural and insulative applications.
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The capability for coating or replacing electrical components and
accessories with Fluorel has been developed and has been used to some
extent in the space program. The material can be molded to form wire
ties, conduits, circuit breakers, and electrical connectors. When
mixed with asbestos for increased nonflammability in oxygen atmospheres,
the Fluorel can be applied as a conformal coating over electrical parts,

presenting a firebreak in case of ignition from electrical sources.
Foams

There has been much act1v1ty in the area of nonflammable insulating
" foams. An asbestos foam has been developed by the Rex Asbestos Works
of‘Germany. Thls material lS marketed in batting and sheets, is inex- :
pensive, and should be useful for general 1nsulatlon applications.

The Monsanto Corporation has developed a polyimide foam; however,
it is con51derably more expen51ve than asbestos. The Scott Paper |
Company developed Pyrelle foam, a polyurethane with good weight-to-
thickness ratio. This material 1s also 1nexpen31ve and commercially
available. They have recently 1mproved upon this product w1th a
""Super-Pyrelle" which exhibits improved nonflammable propertles, while
retaining good physical characterlstlcs.

A deflnlte need exists for an 1nsulatlon mater1a1 which can be
foamed in place. The Avco Corporatlon has developed, under NASA
contract, an 1socyanurate foam whlch 1s nonflammable in air atmospheres
Although easy "to apply, this materlal 1s, at the present time, expen-
sive. The Ventron Corporation has developed a glucose-based polymer
which can also be foamed in place which is self- extlngulshlno in &air,

- and which 1is extremely low in cost. ;

The DuPont Company is developlng;a high resiliency polyurethane
 foam which can be foamed in place and which is nonflammable in air.
Potential for use of this foam looks good " This company has also
developed a polylmlde and mica paper-like material whlch foams. and

- forms a hard char when heated. This materlal may have application for

sealing metallic ruptures in the event of an externally caused fire.



Plastics
Fér replacements in areas where molded plastics are uscd, HASA,
in conjunction with industrial sources, has developed a number of
nonflammable substitutes. The Whittaker Corporation'has developed a
nonflammable polyquinoxalate; and North American_RockwéIl has developed
a polyimide with Du Poﬁt. These m;teriéls are at the present time: '
expensive; however, as the more obvious applications are exploited, the

cost should become more competitive with commercially available plastics.
Specific Applications

While these are the more promlslng candidates, they are by no
means all of the materials which can be used to coat or replace flammable

components. Additional materials and new,and advanced technology become

available every day. Working with these materials, we at NASA; in
conjunction with a number of leading material and coating manufacturers,

have developed methods and material combinations keyed to specific

flameproofing applications.

Ceiling and Wall¥Panels

_ Existing qéiling and wall panels have been coated with Fluorel-
impregnated fibérglass with an overlay coating of transparent Kel-F
applied for 3011 and stain resistance. The Fluorel surface can be
furnished in an array of decoratlve de51gns. Panel backs have been
coated with a m&xture of 75 percent Fluore1/25 percent asbestos to
prevent heat transfer as well as to prov1de fire protection.

This technique is applicable to wail and ceiling panels of all

typeé;'althdugh;_in the interest of expediency, it is believed to be

more pfactical to supply the Fluorel/fiberglass/Kel-F combination for
direct adhesive application to the panels. Pigmented Fluorel can alsc

be applied directly to existing panels as a paint to provide fire-

proofing qualities to interior wall surfaces.



'Another approach is the replacement of existing ceiling panels
with new panels, fabricated completely from nonflammable. materlals
To achieve thlS end, we are’ taklng two approaches--corrugated boards
and a honeycombed composite structure ’ '
’ The Lamlnlte Corporation is 1nvolved in the’ development of a
nonflammable corrugated,board.’ The feasxblllty of this approach has
been demonstrated and‘we together with ‘Laminite, are presently working
toward 1mprov1ng the physical characteristics, including weight'reduc-
tion.  We are also experimenting with a number of dlfferent technlques
for applying a decorative finish to the panel surface.

The Hexcel Corporation has been concerned with the development of
a nonflammable honeycomb structure This honeycomb will be sandwiched
between two nonflammable ‘skins, " with the exterior skin surface
decorated and protected agalnst soil and stairing. ‘A number of candi-
date materlals, such as flberglass Nomex, -and aluminum are being con51d-
ered. for honeycomblng to achieve optimum physlcal propertles.__We are
striving for the ultimate in panel‘construction, seeking panels'whichA
are light in Weight, insulative, nonflammable, and exhibiting good

strength, durability, and acoustical properties.
Interior Furnishings

NASA has developed a 20-mil Fluorel sheet, backed with Duret:te
knit, to simulate a 1eatherflike finish. This material can be made
porous by a spebial process called "poralating'" to impart "'breathe”

' qualities to the material. This material is completely nonflamnable,
durable, and avallable 1n almost any de51red color. It is 1ntended for
such uses as fabrlcatlng chairs, headboards, toilet kits, back covers

-or’ in any other area where leather or naugahyde -like materlals are used
- To f111 the need for upholstery fabrlc .a number of alrllnes have
switched to Proban-treated woolens. This treatment does not adversely

affect the wool but enables the treated woolens to meet Federal

Av1atlon Agency flammability regulations. This materlal, avallable~injV

o e .
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a wide array of decorator colors and weaves, has equal application for
any interior refurbishment. In addition to the wool, any of the treated
fabrics, such‘as Durette and Fypro, are available in weights and weaves

such as to make them likely candidates for upholstery fabrics. To

illustrate such»an appllcatlon the Monsanto Company, supplier of the

Durette processed fabric, has refurbished an Aero Commanded alrcraft
with golden Durette fabric. This material was used to replace upholster
curtains, and baggage-compartment liners. Durette wears well and is

available in plushes, hrocades, and sculptured patterns as well -as in

conventional knits and weaves..

Polyurethane chair and sofa cushions can be fireproofed by spraying
the foam with Fluorel. This process is:relatively inexpensive,ﬁcosting
only about a dollar a cushion for processing. -Such a cushion, further -

protected with nonflammable upholstery,\armrests, and headers, will

‘eliminate one partlcular area in which fires can begln or propagate

Mattresses present -an even greater fire hazard This same proces31ng
can be used for_flreprooflng foam mattresses.

Nonflammabie blankets can be made from Kynol,lepro, or Durette
batting, quilted to covers of Fypro or ﬁurette. Pillows can also be
fabricated of Kynol Durette or Fypro b%ttings, or from treated poly-
urethane foam., Pillow cases can be made from THPC-~treated cotton. The
use of these items with nonflammable mattresses and chairs can eliminate
another fire- hazard category, partlcularly when applied to 1nst1tutlons
and homes in whlch patients are bedridden. '

Curtalns and draperies can be readlly, and in many instances inex-
pensively, fabrlcated from fire- retardant fabrics. 1In addition to ’
utilizing those fabrlcs discussed as candidates for upholstering, fiber-
glass and fire-retardant nylons. in a Wide range of colors and weaves,
can be fabricated into extremely attractlve window coverlncs. (

Another development in nonflammable composites that can be c1ted
as a definite advance toward fireproofing structural interiors has been
fabricated. This nonflammable layup, when used as a curtain, provides

a firebreak against flame propagation from one interior area to another.



This curtain material is composed of three layers: Durette batting
sandwiched between two layers of Eiuorei-coated Durette. These fabrics
are either quilted together or edge sew; weigh approximately 1 1b/sg
yard, and drape beautifully. Use of thlS layup as a fire break between
utility and habitable areas of alrcraft institutions, nursing homes,
and hospitals can be easily env151oned. The curtain could also be used
to block off any hazardous or fire}proﬁe areas, thereby providing safer
passage for evacuees and preventing the'spread of fire to éccupied areas.
‘The nonflammable plastic substitutés can be molded into nonflammable
trays, panels, medicinal bottles, light fixtures, utensils, physical

therapy equipment, chairs, and wastebaskets, as well as cabinets and

countertcops.
R Floor Coverings

Nonflammable carpet material has presented somewhat of a challenge.
The best develdped to date is 100 percent wool with a fire-retardant
latex backing.z American Enka has developed a fire-retardant rayon that

can be fabricatéd into carpet materials which looks promising. NASA
is presently investigating methods of spraylng carpet backs w1th
Fluorel, but this will be ‘a relatlvely expen51ve process. ‘

Among the #ore promising efforts underway is an attempt to:adapt
the Probanitreatment'to wool carpets. This adaptation has been success-
ful with wool shag rugs, but sufficientTHPC penetratlon into the carpet
pile to achleve nonflammablllty has not- been accompllshed so far.

Fluorel can be molded and cut into nonflammable floor tlles, which
'are durable and comfortable underféot ' MEtalllc flock or partlcles
'(up to. 50 percent by weight) can bé useé as a filler for the tile
material, both to reduce the cost and to provide aesthetic appeal.

These tiles have potential for use in heavily traveled or habitable
‘areas or in locéles where a fire hazardlexists.
The use of. rubber or vinyl maﬁtingsas a floor covering can present

a hazard during:a fire. Nonflammable Fluorel can also be calendered

|-t
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or molded into mats of varying thicknesses and supplied in a variety

of colors. Fiberglass laminated onto the back of the mat decreases the
cost and provides better tear strength and durability. Treads can be |
molded into the Fluorel surface for areas where slippage would present
a hazard. Such mats are not only nonflammable, but protect flammable
floor materials against flame propagation. This same and extremely
versatile material ‘can be also used as a substitute for rubber in such

applications as balls, shower curtains, exercise devices, restraints,

and surgical gloves.

Paper. Products

t

The multiplicity of functions performed by paper of 'all kinds in ,

aircraft, commercial and industrial buildings,.residences, hospitals,

institutions of all types, and nursing homes is obvious. Nonflammable

paper can substitute for a large majority of these applicationsf
Available in a wide variety of thicknesses and colors, this paper can
replace flammable writing paper, maps, legal documents, charts, towels,

tray covers, paper cups, headrests, napkins, and trash liners. Even

" books, brochures, and magazines can be printed on this nonflammable

paper. 2
Nonflammable paper can also be printed or embossed to produce a

variety of designs, which should make it useful for such items as

~wall paper and iamp shades.

One particularly interesting area is the use of nonflammable paper
i i
and board for fabricating educational and recreational equipment, Work
has been done in duplicating such items as playing cards, commercial

games, and playroom equipment. These items are presently planne@.for

use in the Skylab Program, but should also have particular use in the

typeé of applications under discussion. i
Nonflammable paper can also be used.effectively to fabricate
disposable clothing and footwear for hospital, industrial, and institu-

tional staff members and attendants. More durable clothiﬁg can be



fabricated from nonflammable fabrics; however, the expense involved

would tend to obviate their disposable function.

Protective Clothing

04

The applications for clothing designed to protect personnel requ
to work or operate in hazardous or:fire;prone areas span every industry
and service, and are of concern to.every citizen. From the racing
driver to the steel worker, from the astronaut to the fireman, all must
be, as we must be, concerned with persoﬁal safety. Protection of the
man has been the prime impetusubehind nenflammable materials develop-~
ment for the space program; ouf_astrona@ts "blast~-off" in nonflammable
spacesuits. When the suits are,reﬁovediinflight, they don coveralls
of Teflon fabric, essentially nonflammable in éﬁ oxygen atmosphere.

We  have fabricated gloves, shoes, undeérclothing, coveralls, helmets,
shirts, and iﬁdeed‘clothing of all descriptions ahd from every available.
fabric in an effort to determine the optlmum fire protectlon for all

such appllcatlons.

NASA-Sponsored Firesuit Program

-
-

-
.

A brief descrlptlon of our flresu1t fabrication program vlll serve
. to illustrate the type of effort 1nvolved and point up criteria ;oL
materlals selectlon. |
| - It was dec1ded to c¢oncentrate on two types of protective firefighters
clothlng--structural and prox1m1ty Structural clothing may be defined
as that normally worn by personnel engaged in firefighting ac;1v1t1ea.
It is designed to be protective in nature, including safeguards against
temperature extremes, possible exposure to sparks, flashing and embers,
steam or hot water, sharp objects, abrasion and other hazards encountered
during fires and emergencies.

-Prokimity clothing is‘designed to protect personnel from radiant

heat as may be encountered when working close to extremely hot fires.

o
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Should rescue of personnel be required, this suit may have to withstand
1nterm1ttent exposure to direct flames.

4A - To properly evaluate a choice of materials for the various suit
layers, we designed and fabricated two types of both the.structurel and
- proximity suits. The first structural type consisted of a strong
durable Durette outer layer, a Fluorel-coated Durette vapor barrier,
and a detachable inner insulative liner. The second type consisted of"-
a combined Fluorel-coated vapor barrier/Durette fabric outer layer, a
second protective nonfiammable layer, and again, a detachable insulative
liner. The insulative liner is made up of two layers of Fypro and a
layer of Durerte batcing. The firet proximity suit consisted of an
aluminized Durette outer layer, a Fluorel-coated Durette Vapor oarrier,
Durette insulation, and‘a Fypro fabric liner."The second type is
aluminized asbestos, backed with a coatlng of Fluorel to act as a
vapor barrler. . This sult also 1ncorporates 1nsu1at1ve materlals for

i
IS S . . i

thermal comfort
In accordance w1th recommended manufacturing practlces, we incor-

porated abrasion patches on the shoulders and yokes of the strLcLuraW
firefighters suits; we used strips of reflectlve tape for VlSlblllcy,
a pocket was‘lncorporated onto the upper right chest sized to contain
an air mask; two box-type pockets were integrated onto the left and
right sides of the coat front, and:each:jacket has a'turn—up collar for
face and neck protectlon. Two inch wide Velcro is used to secure the
Jackets. ‘ |

In addition to the basic firefighting clothing, we have alsp designs
several’types of clothing not heretofore known in the firefighti%g
industry. One concept consists of a pair of nonflammable Durette
coveralls intended to be worn as off—ducy clothing. 1In the event of
~a fire call, a ?air of nonflammable;insqlative "chaps" are donned
quickly over the legs of the coveralls.: The.structural firefighters
coat completes the ensemble. Another coverall concept designed end

fabricated by NASA is completely lined, nonflammable, and can be quickly

donned in emergencies.



To illustrate another approach, we designed and fabricated
nonflammable thermal underwear which can be worn in cold climates
‘under regular élothing when fire protection is required.

In the area of ancillary cloﬁhing; we have fabricated nonflammable
overboots, gloves, mlttens, and a protectlve cap to be worn over the
head and under:a standard flreflghter s helmet. We have also designed
a proximity suit hood which 1ncorporates a proteetive visor, pairs of
prox1m1ty gloves, and aluminized overboots. In addition to this
fabrication, we have on the draw1ng board plans to fabricate standard
firefighters hard boots from nonflammable materials. We also intend to-
mold helmets from nonflammable plastlcs.

Naturally, one of our greatest concerns in the fabrication of these
sults was to make sure that we had a functlonal design; one which would
perform as well or better than conventlonal gear. To accomplish this
goal, we have worked very closely Wlth both the Houston Fire Depart-

- ment ahd representatives of the International Association of Fire-
_fighters.- We have also Worked'with.the%National’Bureau ofVStanéards
and with otherlindustrial and govefnment groups interested in this
problem of providing better protective elothing for this nation's
firefighters. ' ’ 1 |

- Members of the Houston Fire Deparg;ent have been wearing these
garments during. their normal firefighting activities on a daily basis
for over five months now, and the tespoﬁse from the individual firemen
has been extremely enthusiastic. The garments were adjudged to be
extremely functlonal, and with minor changes, many of which are
individual preferences, the deSLgna are .pretty well firmed up. The
firemen wearing the structural suits ha&e developed such confidence in
their protectlvc qualities that. they are approaching closer and closer'
to the flre,_the distance restricted only by a lack of face protectloa.

'A more dramatic 1llustrat10n of the protectlve qualities of these
garments has been provided by a series'of tests conducted by the Houston
Fire Department?Training Institute. Inlthese tests, pit fires,lﬁtili-

zing. various types of fuel, have been extinguished by firemen wearing

fo
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NASA's firéfightingvclothing. We have photographic coverage which
amply demonstrates the protection afforded the firemen wearing these
garments. '

These garments were demonstrated at the Firefighters Symposium
held at Notre Dame University‘and attended by firefighters from all
over the United States and Canada. They have also been the subject of
several journal articles receiving wide distribution among firemen and
concerned industrial personnel.

uResponse has been extremely enthusiastic; we have received more
than 100 inquiries requesting information and inclusion as test subjects
in our test and evaluation program. We are proceeding with a small
scale procﬁrement of garments for evaluation at selected test sites
throughout the country. The ultlmate aim of thlS evaluation study is
a'specification for the design and ‘fabrication' of improved firefighters

clothing, based on the use of nonflammable’ or fire-retardant materials

in their comstruction. = = ' ' !

NASA Housing Mbdule Test Program

oy

To demonstrate the many p0551b111t1es for use of these materizis

g Y

i

(8N

in the building and interior furnlshlnas industries, we have constru

Lo

O
(

five miniature housing modules to be used in a controlled fTa“Aa ility
o d

test program. Each module will be constructed and selectively Zfurnished
so that instrumented comparisons can be made between the variety ci
these new fire-retardant materials., |

Promising nonflammable materlals w111 be used for roofing, side
panels, floorlng, insulation, carpets, paints, and curtains. Flamma-

n_A(—-

bility test sequences will involve the use of realistic ignitors and

- fueis located in predetermined areas, with full photographlc cover

to be made avallable to the building industry.



NASA Aircraft Refurbishment
B

Another area of application of these technological advances is the
aircraft industry. We assisted the Air Force in refurbisﬁing two T-39
aircrafts and are ourselves refurbishing one NASA Gulfstream aircraft.

Two MSC personnel, working on-site in Winnepeg, Canada, helped to
accomplish part of the T-39 effort, and while there, trained personnel
to complete the refurbishment. \ '

'To fireproof the T-39 ceiling panels, a Fluorel/fiberglass/Kel-F
skin was laminated to the existing wooden panels. Kick panels were
completely replaced by a Pyrelle foam/fiberglass/decorative Fludtel/
Kel-F composite. ‘ :

~ All seat cushions were fireproofed with ammonium dihydrogen phos-
~phate (ADP) and Fluorel spray. The seats are pbw'being upholstered
with THPC- treated fabrics. Armrests were covered with{Fluorel-d@ated
Durette, 31mu1at1n° naugahyde, and seat side panels were protected with
Fluorel based paint. . ’ '

The fiberglass curtains were installed, and wool carpets wete
installed in the passenger compartment. Fluorel-coated fiberglass
matting was used as a nonflammable floor eovering in the wvestibule area
and on the outside stairs leading into *he aircraft. Deep treads have
. been molded into the Fluorel surface to assure good traction. )

| Refurbishment of the Gulfstream follows the same general philosophy,
but utilizes several different matetials in a more extensive refurbish-
ment, taking advantage of more advanced fabrlcatlon techniques. '

The Gulfstream walls and celllngs presently are covered with a
vinyl fabric. All of this covering will be stripped and new nonflammable
fabrics developed especially for this ptogram substituted. The new
headlinervfabric will be a Fluorel coated fiberglass, off-vhite “and

textured. The ﬂalls will be covered w1tb Fluorel-coated Durette’ fabric,

backed with a thln Pyrell foam padding. ; '
A1l seats within the aircraft will be completely redone; flbtation

- cushions will be fabricated and fireproofed, new upholstery installed,
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arm restsland foot rests recovered, nonflammable head rests
and seat bottom shrouds painted with Fluorel. ‘

All curtains will be replaced with curtains fabricated from
nonflammable fabrics. The firebreak curtains discussed earlier will
be useddatlthe entryway to the aircraft. The naugahyde simulating
Fluorel-coated ﬁurette will be used to fabricate a curtain protecting
the area where the hydraulics are stored. The other curtains are
standard, with the exception of the nonflammable fabrics used in their
construction. '

All ex1st1ng floor coverings will be replaced, including the
paddlng. Wool carpetlng over fireproofed padding will be used in the
passemger area, and a Fluorel-coated :1ber lass with treads molded onto
the surface w1ll be used to replace the present V1nyl floor covering
in the vestlbule area. '

- All of these materials have been developed evaluated for
fea51blllty of installation and fabrication, color- keyed to the air-
craft deeor, procured, and delivered ready for installation. )

In additioﬁéto'these programs, MSC has available on-site a ﬁnited
Airlines 737 fuselage which will be used to conduct an aircraft
flammability test program, This program will be similar to,'thouch on
a somewhat 1arger scale, the housing modole test in that the fuselace
will be sectioned accordlng to. a predetermined plan refurbished jwith
nonflammable materials varylng by compartment and test loeatlon,.
instrumented and artificially ignited. Again, results of these tests,
with full photogtaphic coverage, will be made available,to the aircrart

industry.
Concluding Remarks

From the foregoing discussion, it is obvious that almost any

conceivable construction, furnishing, clothing, or utility device can
: i
be fabricated from metallic or nonflammable nonmetallic materials.
{

Starting with this positive approach, such factors as commercia



availability, wear and aesthetic qualities are no problem. Cost
_prlmarlly becomes the only llmltlng factor in achievement of safety
An additional word for those of you interested in detail of what
2‘I'ye'dlseussed only brlefly, we have the‘follow1ng reports avallable:'
a 3" volume ealied "Comet plus brqchures specificatioﬁs and
instructions for proces31ng, as well as a source list of everythlng
I've dlscussed If you desire any éf the material, contact WESRAC end'
they" w1ll in turn call me if necessary and/or will contact the B

cognlzant service center involved to supply you with the 1nformatlon

you desire. 'e



"FIRE RETARDANCY USING APPLIED MATERIALS"

Speaker: Dr. Rubin Feldman
President
Thermo Systems Inc.
St. Louis, Missouri




Dr. Rubin Feldman
President, Thermo Systems, 'Inc.

St. Louis, Missouri

Dr. Rubin Feldman is‘the founder and president of Thermo
Systems, Inc. in St. Louis, Missouri. The company produces
Thermo-Lag which he originally developed for the National
Sbace program. It has been used on all space vehicles for

space shots as an inner heat shield since 1960.
Prior to his present position, Dr. Feldman was the
chief Thermo-Dynamicist at Emerson Electric Company in

St. Louis for 15 years.

Dr. Feldman received his PhD in_ chemical englneerlng

from Johns Hopklns Unlver51ty.
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ABSTRACT

_ The last decade has witnessed many advances in the
technology of fire protection. Archaic building codes are
gradually being revised to conform to the rapidly developipé
state-of-the-art. Factory Mutual and the Underwriters'
Latoratories;‘the traditional test agencies upon whose
listings all major insuranee companies rely, are continuously
updating their SLmulatlon procedgves to bring them on par

with new developments.

N
THERMQ—LAG'represents an example of advanced technology
transfer from the Little Joe, Surveyor, Cgmsat, re-entry and
Apollo age to everyday fire protection.needs. Utilizin; the
TSI- patented principle of suollmatlon COOlng for thermo- |
static temperature control, THERMO-LAG meets a wide range of
fire retardancy and- heat transmission control requirements.
Properties vary from flexible tape for conduits and electrical
cables to rigid coatings for column protection, with a broad
spectrum of sublimation temperéturgg available. THERMO-LAG
can be applied in the field or in the factory, utilizing mass

production technlques, yielding a product that is reliable

effective, wldely available and low in cost.
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SELECTED

CHARACTERISTTICS

" THERMOS-LAG

MATERIAL
THERMO-LAG 220 THER#MO-LAG 330
PAINT PAINT
MASTIC MASTIC
TAPE
UL RATINGS OBTAINED
IN ASTM E84 TUNNEL: :
FLAME SPREAD 5
FUEL CONTRIBUTED 0 0
SMOKE DEVELOPED | '0 0
SPREAD RATE — SQ. FT./GAL. 250 250
MATERIAL REQUIRED: WOQO0D - 0.005 INCH 0.005 INCH
CARDBOARD © 0.005 INCH - 0.005 iNCH
PAPER | LESS THAN 0.005 INCH | LESS THAN 0.005 iNCH
PLASTIC . 0.005 INCH ~0.005 INCH
. STEEL*|| 7O SUIT NEEDS . TO SUIT NEEDS
- OTHER SUBSTRATES% ! INQUIRE INQUIRE -
SOLVENT OR THINNER: WATER MEK OR TOLUENE

APPLICATION; BRUSH, SPRAY ~ BRUSH, SPRAY
ROLLER, DIP, TROWEL | ROLLER, DIP, TROWEL
COLOR: ' TO SUIT NEEDS TO SUIT NEEDS
SUBLIMATION TEMPERATURE: 220 400°F
WASHABILITY: EXCELLENT EXCELLENT

f'RESULTS FROM ASTM E119, FM STD 4975 AND OTHER iI'ESTS, AVAILABLE UPON REQUEST.
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ADVANTAGES

THERMO-LAG

PERFORMARCE

SAFETY i US5E

&L{'usrsp

Fivi

TESTED
AND
APPROVED



FIRE RETARDANCY AND HEAT TRANSMISSION CONTROL
| USING APPLIED MATERIALS

Introduction

Ever since man moved out of his fireproof cave he has
had fire problems. Unharnessed fires have been violently
deStrucrive, The burning of Rome and the Great Fires of
London and Chicago are but'three examples of devastation

wrought by the raging monster.
4 X

Progress has been made slowly in man's efforts to
protect his property from the ravages of flre. Eliminating
all timber and using heavy masonry walls, Catullus con-
structed a "fireproof" repository in 78 BaC. Butﬁflreproof
constructioné‘scarcely advanced beyond that point#during'
the:néxt two thousand years. It is onlf‘in comparatively
- recent timés that the practice of fire protection began to
develop into a science. Present methods and experience
make hit-or-miss or arbitrary?fire‘protection procedures
totally uhqecessary. Their deployfent, however, is tangled
up in the lhbyrinths of archai? regulations and building
- codes.. | |

ire protection is brought

Hy

The need for more effective
sharply into focus by the gruesome statistics published by
the National Fire Protection Association. In 1970 thé

propérty damage due to fire is estimated to exceed $2 billion,

'_.l
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" with another half billion dollars lost in forest fires,
aircraft fires; motor.véhicleffires, and other non—bﬁilding
losses. Every two seconds a fire breaks out in the United -
Stateé;'every two minutes someone's home goeé up in flames;
fand.évery forty minutes someone dies in a fire. Fire in-

juries are substantially more frequent than deaths.

) The three worst residential léss-of-life fires in 1970
‘occurred in hotels, killing a total of 67 people and in-
juring many more. At the Ozark Hotel in Seattle, 20 peoplel

"died on March 20; in the Tonet Square Hotel in Los Angeles,

19 people died on September 13; and in the Pioneer Hotel in =
" Tucson, 28 people died o-n"_December"ZOf All three fires had .~

:two things in common: all were believed to be of incendiary'

'Aorlgln and none employed flre ‘retardant materials where they

I N
N 7/
- /

should have.,

Oonly a few days ago, on Friday, May’l4, a fire occurred
at the Ambéssador Hotel'ahd Re'sidence in St. Louis. Before
rescue could be effected, four}people were dead and mény
more injured. The fire,.Which;was‘of incendiary origin,
started in ‘a third story room.f The~ room employed wood
| paneling. The fire quickiy sp%ead along its surface to
that of the.walls down the corridors, causing heavy damag =
and making rescue of those trapped in their rooms éxtremeiy

difficult if not impossible.

But this is 1971-;and13uqh tragedies are no longer

inevitable.: Science is no .longer devoted to aichemy or

129
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~other oxidizing agents such as chlorine. Hence combustion

the search for the philosopner's stone to turn lead into

i goid; Space age -technology has landed us on the moon
fand_eanght us to combat the inferno-like heating ofere—entry
;conditions. The knowledge of heat control utilized in aero-
.spaoeﬁeppliCations has resulted in the development of highly

efficient fire retardant and heat transmission control.mate=

rials. Some of these are highly competitive in price--
_ —

costing no more than ordinery good quality paint,

Fire
What, then, is a fire? A fire may be defined as "rapid

oxidation with the evolution of light and heat." Combustion

'}in,the broadest  sense includes not only the.chemical com= . -

bination of fuel with oxygen, but also in eombinefion with

13

may occur not only in the atmospheré of oxygen, but else—

{ !

where.
Ignition of a combustible material will'occur’only h
where there is a sufficiently high temperature and a suf- -
ficient ‘quantity of heat and oxygen to initiate self—
sustaining'combustion. Fire will not propagate from point

of ignition 1f heat is carrled away faster than it is
produced as the temperature will be: decreased and the -----
fire w111 go out., Heat may be carried away from a p01nt
of 1gn1tion by radiation,,conduction and convectionq'lIn

the case of a log touched by a match3 conductlon-may‘start



)
Tl
i

at the point where the match.flamﬁ touches the wood.
flame of the match may produce a temperature of Z000°F or
higher, but it does not Produﬁe enough heat to start sus-
tained burning of the wcod. Heat will be conducted and
absorbed by the body éf the log and incendiary heat will

be lost by radiation and convection.

The same match, whenldropped on a material of better
insulative qualities and lower mass (such as cardboard
'boxes), will after a short time initiate combustion, which
will rapidly spread. In the case of a single log, even if
sufficient temperature is attained to imitiate local com-
bustion, the fire may go out because of rapid loss of heat
by radiation and convection. . If two or three logs are
placed together, however, the radiation and convection from
one to thethhef will tend to keep the wocd hot and fire

will readily continue.

, The same principles apply in the case ¢f a fire, par-
ticulérly one contained in close quarters. Consider, for
example,‘the case of a fire in a corridor or typical room.:
Assuming that there is adequate aix supply to sustain com-
bustioh, fire in such a space-—wigh combustible surfaces on
several sides, each side reradiating heat to the other--

produces a much more severe fire than a similar area of

combustible surface in ‘the open. Protecting these surfaces .

with a fire retardant will, of course, greatly minimize if

not completely eliminate the potential of fire spread.

(S
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When a combustible macerial is still more finely
divided, in the form of dusv fliying in the air, ignition

can occur from a minute heat source. The same is more

‘pronounced in the case of flammable gases and vapors, where
P g P »

the combustible material is divided into individual mole-

cules. This explains why a fine cloud of combustible dust,

‘gases or vapors can be ignited by a very small source of

heat, such as a spark.

With some fires where the air supply is restricted,
a considerable quantity of carbon monoxide may be pro-
duced. The carbon monoxide may subsequently come in
contact with additional oxygen and ignite to form carbon
dioxide and further spread the flame; hence the necessity

to restrict the size of open spaces susceptible to fire

by means of fire walls and openings protected by/fire doors.

’

I

Building Codes

"In a general sense building codes are designe&,to
provide rules for public safefy in the construction of
buildings to the extent which cap?be applied as law under
the broadfautho;ity of the police power," states the NFPA.
They thusicomprise minimum standards consistent"with rea-
sonable public safety. They do not necessarily provide
complete safety or ideal conditions. By their very nature:-
they mayvaﬂequately cover struictures of common types only,’
with less épplicability tQAlarge manufacturing buildings -
and major structures of unusual design.

1
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Building code requiremen:cs vary widely in different
parts of the United States and Canada. In many areas therc
are no building codes as such, or there are cnly incomplete
or absolute requirements. The following five principal

codes are in circulation in the United States and Canada:

National Building Code (lst Edition 1905)

Uniform Building Code (1lst Edition 1927)

Southern Standard Building Code (lst Edition.l935)
Basic Building Code (1lst Edition 1950) |

National Building Code, Canada.

These are in addition to a number of state codes. Alil
are matrkedly informal in arrangement, and most features are
prepared in such different manners as to .make comparisons

difficult. All are revised and re-issued periodically.

‘The general practicé is to specify minimum requirements
for the protection of structural mémberé, partifions,‘etc.,
in terms éf specific materials or combinations of materials.

. These requirements are then expressed in terms of time of -
ultimate fire resistance, or, in other words, the time
period duﬁing which the const;uctgbn member should stand up
to a fire pf given intensity before specific damage occurs

as determined by appliéable standards.

In the past it 'has been standard building code proce-
dure to place restrictions upon the use of combustibie
materials for the interior finish only in assembly occu-

pancies and in buildings of fire resistant constructiomn.

(B8]
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However, the situation has changzed with the dev
many new types of finish materials, some of which are highly
combustible and already proven to be dangerous, creating a
need for more careful regulation. Buildings which wcuid
appear to be fire safe can be rendered unsafe through the
use of bazardous types of finish materials. Under present
building codes, the use of combustible finishes, regardles

of degree of hazard, comnsidered toc dangerous for use in
fireproof or fire resistant buildings, are permitted in

non-fire~resistant structures. Such procedure is obviously

unsound in principle and very dangercus.

Test and Approval Methodé

The regulation of interior finish materials has been

'given considerable study by building code and fire author-

ities in the last several years. Perro*mance standards
have been developed to measuré the relative hazard of these
materials w1th respect to surface burning characteristics.
One standard method of test for surface burning character-
istics of bulldlng materlals (AST@;E-S&) has become widely:
recognized:in modern building. codés throughout the country.
The ASTM test represents'the conditions of a vigorous in-
c1p1ent flre and determines relative fire hazard of the

material by evaluating the rate of flame spread along the

. surface of ‘a 20-25 foot long test sample under a standard

exposdre fire. The test establishes relative hazard rep-

resented- by the finish material according to numerical



flame spreéd, the lower rating indicating less hazardous
finishes (0 for asbestos cement and 100 for untreated
Douglas fir).

Another procedure is fcliowed by the Factory Mutual
Corporation by the use of a calorimeter in which a precise
measurement of heat contribution in addition to flame
spfead is evaluated and comprises a key staﬁdard in the
rating of materials, particularly in the area of activities
covered by Mutual Insurance Companies. The relative fire
hazard of finish materials, as classified by the numerical
'flame spread and heat and smoke contributed ratings of the
Underwriters' Laboratories and Factory Mutual, represents
a national endeavor toward the creation of realistic test

v

conditions.

It has-‘become standard practice’in building éodes to
specify the degree of fire protection that must be pro-
vided by the various structural parts of the building
‘according to the hours of fire resistance which they are
capable of developing under standardized conditions of fire
exposure. ASTM E-119 procedure a@d adaptations thereof
comprise tﬁe recognized standard by which the duration and-
intensity pf fires are classified and on which recognized
fire resis%ance ratings of materials of construction are

based. For illustration, see the standard time-temperature

curve depicted on the following page.
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In order to establish the fire resistance rating of
any building assembly of conétrucﬁioﬁ, a specimen of
érescribed size must be exposed to a standard fire. The
fire resistance rating of a construction assembly or .
material is determined by the length of time that it suc-
cessfully performs during the fire exposure. The conditicn
of performance or construction of a material during a fire
test varies with expected function of the material and
assembly. For instance; wall, floor and roof panels must
also withstandiexposure without allowing the passage of
flame and without transmitting heat through the construc-
tion to raise the temperature of the un-exposed surface
more than 250°F above its initial temperature. In order to
qualify for fire ratings of one hour or more, walls and
partitions must also withstand a prescribed exposufe4to a
hose stream'of specified pressure immediately after fire
exposure, thereby establishing the integrity of the con-

struction to the effect of cooling,

State of the Art Materials

—m.
-

Until 'very recently, when the accelerated rate of the
transfer of aerospace developed technology to everyday fire
protection ‘needs occurred, ¢Ommon1y used meterials of con-
struction included gypsﬁm, vermiculite, perlite, mineral
fiber, concrete, masonry, metal lathe and plaster and many
other combinations. Although the materials in themselves

are relatively inexpensive, brute force techniques employed

[.]
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in their utilization and the common cumbersomeness associ-
ated with in situ installations makes the installed cosc
'very high indeed, the cost of building in many cases pro-
hibitive. This coupled with an increase in inflation,
particularly in the area cf labor, has resulted in serious
slumps in the building industry by making many types of
institutional and commercial buildings prohibitive for many

1]

uses.

During the last two decades, plastics have encroached
into many traditional areas of building construction.
They are essentially composed of ofganic material easily
susceptible to combustion. The stress on fire prbtection

has thus become even more apparent. State-of-the-art fire

1

protection or fire retardance includes the use of externally

applied coatings. ! b //' :
Replgcing'sometimes highly fiammable~finish materieals
with coatings or paints which inhibit rather than contri-
bute to the spread of fire is both possible and practical.
Using these coatings permits much greater flexibility in :
choice of building materials, al%gying lightweight and low
cost constructions otherwise impdgsible because dfftheir '
‘extreme sdsceptibility to fire. For example,lin addition
to a number of plastics, cardboard has been intféduced into
building construction. A "paper" ‘bridge is only one dramatié
-example of innovative and imaginative engineering utilizin%'

cardhoard as a structural material.

150



One notewofthy means of protection is ofF red by
intumescence. Iniessence, iniumescence is provided by
coatings in various thicknesses which offer a measure of
thermal protection to surfaces to which they are applied.
Prior to the occurrence of fire, such coatings are indis-
tinguishable from conventional products. Upon heating,
however, they decompose, bubbling and foaming to form a
thick, not ea51ly combustlble, multi-cellular insulative
barrier. The materials are useful for short periods of
time, measurable in minutes.. However, for sustained pro-
tection of an hour or more, the required material thickness

of one-half inch or more is prohibitive. - ,

A'major disadvantage ofzintumescent:ﬁaterials is the
propensity of the active ingredient to leach out under
‘exposure to’humidity or rain. The coatings'arevthus
rendered ineffective for protection from fire after ex-

tended pefiods of time.

In still other applvcatlons, emphasis has been placed
on chemical equilibrium shifts of the material surface via
high concentrations of halooens—-getably fluorine. Such
methods prov1de adequate short term protection from fir
but greatly increase the toxicity hazard due to the intro-

duction of.lnherently poisonous gases.

l.. A
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* THERMO-LAG

‘the temperature of water by one degree.

A more advanced means of fire protection is ociffered by

'a family of paintlike materials utilizing the principle of

sublimation for tHermostatic temperature control. These

.materlals, marketed under the trade name of THERMO-LAG,

have proved effective in numerous;aerospace applications

over the past decade and more reeently for protection from

‘the ravages of fire.

A sublimate, by definition, is a material which under-
goes a trensition from a solid into a vapor at a fixed
temperature. - THERMO-LAG materials utilize a family of
subliming agents to attain differént levels of temperature
control. 'The materials.bperéte int the féesimi1e of a water
Jacket - as long as the THERMO LAG is there, the tenperature

of sublimation cannot be exceededx Some typlcal temperatures

of subllmatlon are 220°F, 400 F, 550 33 and 800°F,

As the material subllmes, undergOLng the transition

from a solid into a vapor, 1t absorbs a considerable amount

of heat,at the same tlme,, Th&s prbcess is similar to that’

of b0111ng water., It takes" approklmately 1 Btu/lb. to rais
It takes 980 Btu/lb.

to boil water off, without elevatlon in temperature. 1In the

~ case of TH@RMO-LAG, it takes épproklmately 750 Btu/lb, to °

vaporize it. At higher temperatures the THERMO-LAG vapors!

undergd additional decompositions;:larger THERMO-LAG mole-'

.culesfbreak.up into smaller ones. The result is the



absorption of extremely high levels of heat energy, as high

as 6000 Btu/1lb. under some conditicns. The heat energy
absorbed by the THERMO-LAG vapors is no longer available
to impinge upon the structure protected by the THERMO-LAG
coating. The result is actual heat blockage: heat is

prevented from penetrating to the surface of the material.

Decomposition has to take pléce within the coating i:sélf;
-once it gets into the fire it is of little value. When a |
missile travels at extreme vélocity through the air, it
produces a boundary layer of air which sort of drags along
‘with the missile. This layer of stagnant air in itseif
provides an effective means dJf insulation, protecting the
re-entering missile to a considerable éxtént from the aero-
dynamic heating | When THERMO-LAG gases 1n3ect 1n;o this
boundary they, too, absorb a- con81derable amount” ot heat
energy. They further stretch the boundary layer by pnysical

extension of its volume, improving its effectiveness as

insulation.

In tﬁe case of a fire, Qhere3there is no high velccity

- speed, a boundary layer must-be created. This is accom-
plished ffom the principle of intumescence. Because THERMC-
LAG produées a rather volumincus amount of gaseous matter,

it is alsé-use& as an intumesbingragent.- Upon exposure to
heat, the initial thickness of THERMO-LAG is increased many

_ times, pefforming an action comparable to that of intumescent

. I | . 2 3
coatings. However, the passage of the cooling gases produced
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.of heat by coming into contact with the fcamed-up TH

by the sublimate do more than stretch the intumescent
They also block a comsiderable amount

ERMO-LAG

multi-cellular laver.

structure, using the heat from the fire for decomposition
of the mass. This heat is thus rendered unavailable to

penetrate the un-vaporized material.

It is a well-known fact that an important compcnent of
a fire is radiation. However, ordinary commercial fire
retardant materials or heat transmission materials, such as
used on steel, have not uti ized this technology. The
important criterion here is to absorb the minimum and re-
flect the maximum amount of heat enércy by radiation. In
aerospace jargon, this means producing a low alpha over

epsilon ratio. This has been accomplishéd by THERMO-LAG

‘materials, comprising a significant advance in the state-

"of-the-art for fireproofing and fire retardant materials.

In simplest form, THERMO-LAG is used for commercial
applications in coatings applied approximately 0,005 inches
thick. This is comparable to two’'coats of.paint. In this
thickness, THERMC-LAG can be usegﬁto protect materials such
as cardboard, wdod, plastics and bther ccmbustibles from
burning. Two THERMO;LAG'forﬁulations have been selected
for commercial use: THERMO-LAG 220 and THERMO-LAG 330,
subliming at 220°F and 400°F‘respéctively._'

V THERMO—LAG 220 is a watér—ba;ed material; THERMO-LAG

330 is solvent based. Both are qﬁick drying; both have



been .evaluated by the Underwriters' Laboratories. In zd-
dition, THERMO-LAG 220 is one of fhe few materials eve
approved for protection of combustibles by Factory Mutual

Research Corporation in Bostom.

A THERMO-LAG 220 has a flame spread orf 0, a fuel contri-
buted rating of‘O, and a smoke developed rating of 0, as |
- determined by the Underwriters' Laboratories in ASTM E-84
tunnei tests. THERMO-LAG 330 has a UL rating of 5 flame
epread, 0 smoke developed and O fuel contributed. (The
_retings are determined on a comparison basis, with asbestos

_Aboard the standard for O and'untreated Douglas fir being

glven a rating of .100.)

The application of THERMO- LAG partlcularly cn materials
such as cardboard, is indeed: dramarlc. When a coatlnw of
'O 005 1nches is applled to the cardboard the exposure to
- a typlcal flame will not cause the cardboard to combust,
regardless of the duration of exposure. After some time
‘(in the standard two-coat thickness of 0.005 inches, from
twelve to seventeen minufes); dehydration will cause the

cardboard to become brlttle and c¢rumble, but it will not

i

combust.

Present applications ef THERMO-LAG extend from ware-
house complex containers and Shelres through othervindus-il
‘trial and ‘institutional use where a low flame spread is
vital. MAny items are being introduced on the market which

have been rendered non-combustible by the applicatiocn o

THERMO-LAG.

th

f
(9)]
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In the case of structural steel applications, the
partlcularfutlllgy of THERMO-LAG is its economy of appli-
cation. It can be applied durlng productlon mlnnmlzlnv
the fequirement for less reliable and more costly fleLd
application. A fire wall is a typical example of fac;ory—
applied fire'protectlon. THERMO-LAG can be sprayed or
otherwise dispensed in small thicknesses to the interior of
the structure. The resultant product is 1ightweigﬁt,'ef—
ficient and economical.' For example, one-half inch of
THERMO-LAG ‘dispensed in one application performs the same
function as four layers of one-half inch gypsum boérd. The
applied cost is considérably lower, as continuing process
equipmen:~ can reblace the less efficient im situ installation,
where considerable cutting, drilling, fitting in place, etc.,

g

is required.

A‘schemaﬁic depicting some typical metal éonstructions
employing THERMO-LAG as wéll as a figure showing a typical
temperature- response are included on the following pages.
Please note the asymptotic temperature behavior of THERMO-
LAG. to the 220°F level. In additiop- to fire protection,

v THERMO-LAG also offers significant sound deadening, stif-
fening of low guage partitions, stability, and flexibility .

in design.

A considerable amount of testing has also been done

in the area of roof tops and structural beams and columns.

THERMGO-LAG in a thickness of approx1mately 0.150 inches will
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give two hours' fire protection, comparable to that pro-

vided by fopr inches of concrete and 0.500 inches of a
state-of-the-art intumescent coating. The total applied

cost of THERMO-LAG is thus appreciably lower.
Structural segments have been subjected to simulated

fire tests in accord with ASTM E-119 procedures, with the

results as depicted on the following page. Please note

that none of the thermocouples exceed a temperature rise

of 1000°F in the prescribed time limit.

Still another revolutlonary development in THERMO-LAG
materials is "1nstant flreprooflng" via flexible, pressure

sensitive tapes. The tapes are a three -part system con-

sisting of a given thickness of THERMO- LAG "a contact

adhesive for easy appllcatlon and a vapor barrier wnlch

provides a protecelve and decorativé finish. This sysoem

will prove effective for the protection of electrical

circuitry and small diameter items fequiring low cost but

effective fire protection.

- THERMO-LAG has also undergone a considerable amount
of environmental testing. Weathercmeter for accelerated

life; numid;ty; salt spray; impact; abrasion--these are but

-a few of the exposure tests that have been performed. A

complete report on tests performed in accord with Federal

Test Standard 14la is available upon request.
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-Conclusion

In summation, THERMG-LAG represents an example cf ad-

vanced technology transfer yet to come in many other areas.

“Aerospace developed technology for protection from intense

heat is,effectively utilized in commercial THERMO-LAG fire

‘retardant materials. Properties range from rigid to -a

pliable tape, with thermostatic temperature control capa-

bilities as low as 200°F upward to 1000°F.

THERMO-LAG not.only provides a unique method of fire
réﬁérdaﬁcy and heat transmission control but also one that
is more ecénomical, efficient and reliable than conventional
materials. ' THERMO-LAG is adaptable in use, permitting
fa¢tory as ‘Well asAfield installation, resulting in broader

use via wider availability and in appreciably reduced costs.



"FIRE RETARDANCY WITH STRUCTURAL.MATERIALS"

Speaker: Richard E. Gardner
Technical Representative
Koppers Co., Inc.
Pittsburgh, Pennsylvania
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Richard E. Gardner
- Technical Representative

Koppers, Inc.

Mr. Gardner has worked in research and development in
Koppérs*Chemical and Forest Products Divisions in Pennsylvania
and Ohio and is currently the technic#l representative for
the Western District, Forest Products Division of Koppers.

) : : .
| He attended Waynesburg College, the Unlver31ty of
' Plttsburgh and was a graduate Wood Technologlst from

‘Penn State University.
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PRESSURE TREATED FIRE RETARDANT WOOD

Impregnating wood with chemicals to reauce or prevent combustion is not an idea
developed last year or even in tHe last decade. :Historical documents of the United
States Navy show that fire retardanf tréated wood was specified as early as 1895, and
it was written'ihto'the New York City buiiding codes by 1898.

The market for fire retardant treated wood remained small and processing was con-
fined to one or two treating plants prior tb World War II. During the war,.and_gggindé”’/lk
following, some potentially disastrous fires were held to relatively minor dollar losses
because of treated wood in the structures. | These experiences resulted in the firét réal .
recognition of FRTW as a fire-safe material:of construction. Ultimately, acéeptance
into the building codes resulted and b; 1963 all of the model codes had approved FRIW
for various uses. In 1964 over 32 million poard feet of lumber was treated. In 1969
this had increased to 45 million board feet; In addition, nearly 10 million square
feet of plywood and 3 million square feet of other miscellaneous wood products were
also treated. 1In 1969 there were 46 plagts;processing fire retardant lumber.

Commercially there are two basic types of fife ;etardants available - an interior
type and an exterior type. These names refér to the usage of the treated material;
i.e., on the interior of a structure, or the exterior. The interior type is consid-
erably older. It was the fire retardant available when the Navy wrote it into tﬂeir
specifications in 1895,

Iﬁterior fire retardants for pressure Freated wood all are formulated with water
soluble inorganic_sglts. These salts are dissolved in water at concentrates of 10 to
15 percent depending on the formulation. Tﬁe salts commonly used are compounds of
borates, sulfates, phosphates, chlorides,‘e;c. Some manufacturers édd as many as five

’ .

different salts in one formulation; each added to control certain properties (cost,

hygroscopicity, smoke, etc.).

' L 167
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All Underwriters' approved fire retardants carry a Class I fire hazard rating.

This means that treated wood has a flame spread;bf 25 or less when tested in the 25-foot
tunnel by ASTM Method E-84, The better fire retardants will have an actual flame sﬁread
of about 15 which compares to O‘for asbestos cement board and 100 for untreated red oak.
Fuel contributed and smoke developed during the tunnel test are also in the ranga—of’/’/
25 or less. |

Interior fire retardants do an excellent jéb of protecting wood from combustion.
They are accepted by all model and local building codes. They provide permanent, life-
long protection, except when exposed to the weather or prolonged conditions of high
humidity. The salts, being water soluble, will ‘leach from treated wood when exposed
to the action of running water. Unless well protected by paints or other impervious
finishes, interior FR should be limited to intefior.uses. The salts are also hygro-
scopic, meaning that they have an affinity for moisture in the air, and when exposed
to high humidity conditions, can absorb sufficient moisture to leach salts. (See .
Figure 1).

Exterior fire retardants are of recent discovery. Initial research originated
following the massive Bel Air fire in 1961, The inve;tigation of this fire disclosed
that burning wood shakes and shingles blew from roof to roof contributing immensely
to the loss of more than 500 homes in the Bel Air area. This fire prompted Koppers
Company to initiate planned research for an exterior type fire retardant.  Under-
writers' Laboratories provided immeasurable assistance by establishing parameters
for what they would consider to be a permanent treatment for wood shakes and shingles
when exposed to any weather conditions. Underwriters' criterion for an exterior type
fire retardant is detailed in UL790, Test Methods for Fire Resistance of Roof Covering
Materials. This is avéilable from Underwriters, Chicago, Illinois, or Santa Clara,
California. |

In late 1966 Underwriterg' approved an exterior type fire retardant and gave

Koppers the authority to apply a Class "C" roof covering label to red cedar shakes and

shingles. The structure of this fire retardant is a complete new concept from the

interior types. Where the interior fire retardants are simply inorganic salts dissolved



in water, this exterior type is a water solub}e monomér that polimerizes under héat
to form an insoluble polymer. Phenolic resing, such as the common plywood adhésives;
are in this category. The monomer is manﬁfactured by reacting exact proportions Of-A
selected proprietary chemicals in water to form a low solids fESin solution. Once
the resin is properly cured it is-né longer wéter soluble, nor ié it hygroscopic.——””/’///’

In addition to fhe Class "C".approvél on-shakes and shingles, further research
has resulted in a Class "B" roof system. The;Class-"B" systems incorpor;teAthe
Class "C" shakes or éhingles on -a plywood roog deck covered with a durable polyethe-
lené coated steel foil. Lumber and plywood fteated with this exterior fire refardant
have been approved by Underwriters' for permaﬁent exterior‘exposurg. Lumber énd
_plywood carry a Class I'flame spread, as do_tﬁe'interior type fire :etardants?'but'_
are not limited to indoor use. |

Wood can be processed with this exteriorgfire retardant in the same facilities
as used for interior firé retardants. Wood treated with exterior fire rgtardanfs
are’kiln dried at higher temperatures than inéerior,: This is necessary in order to
prgperly cure the monomer and assure its perm%nenceliﬁ the wood.

Underwriters' Laboratories and the Building Code; recognize only pressure’tréated
'fire retardant wood. By pressure treating,'céntrol is maintained over penetratioﬁgand
retention of fire retardant chemic§1s. This is necessary in order to meet;UnQerwriters'
listing requirements. Undexwriters' "Follow-@p Service'" assures the quality éf txeat-
ment, agd ifjfor no other reason, where Life‘éafety is involved only Underwriters'
listed products should be used. '

Exterior fire retardants are generally gqsier to bond, machine, and‘fihishﬁthan
the interior'types. Exterior fire retardants‘%rovide a good degree of.decay'and-.‘
termite resistance. (See Figure 2). Exterior fire retardant treated wood. products are

more expensive because of the greater sophistication required in processing and more
_ ‘ : : = ,

costly chemicals.

4
A

This paper could expound on the auxiliar§ properties of fire retardant treated

in great length. The purpose, however, is to:inform those unfamiliar with fire retard-

ants that fire retardants do exist for both interior and exterior construction. ' They
3 , Co : 169
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are approved by the codes and receive preferential insurance rates. For availability,
ease of application, fire safety, economics, and architectural appearance, fire

retardant treated wood is unequalled as a material of construction.
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Figure 1. - Comparative hygroscopicity of
interior and exterior type fire retardant ...
treated wood. o o P

Curve 1. .Exterior £ire retafdant'

Curve 2. Untreated wood

Curve 3. Interilor fire rctardant

Curve 4. Interior fire retardant (another formulation)
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Figure 2. ~ Comparative resistance of exterior fire
retardant ‘treated wood to decay and termite attack. -
Tested 'in accordance w1th ASTM Method D1758
.,ﬂ Curve 1.~ Non-Com Exterior (R) fire retardant
" “Curve 2. Wolman Salts (FCAP) 0.4 pcf retentiom -
: © . (preservative for .above ground use)
Curve 3. Untreated foundation, grade redwood-
. Curve &, - Untreated heart Western red cedar ﬁ'
Curve 5. - Untreated sap Southern pine ' -
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