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ABSTRACT

Means for enhancing the fire safety of molded polyvinyl chloride
(PVC ) and neoprene foam were explored. These included incorpora-
tion of fire— and smoke—retardant additive s into both polymer
systems and the use of’ intumescent coatings with the PVC system.

Ferric and cupric acetylacetonates , used together with magnesium
carbonate in PVC , reduced smoke optical density in laboratory
tests by ~‘55%. These additives had no adverse effect on ignit—
ability . The concentrations of NOx ,  HC1, and hydrocarbons formed
from the flame- and smoke—retardant polyme r compositions , burned
under laboratory—scale fire test conditions , were generally lower
than those observed with the reference polymer composition . How-
ever, these additives enhanced carbon monoxide formation and the
rate of’ flame propagation.

Four intumescent coatings of different types were evaluated with
the PVC compositions. An alkyd—based intumescent paint exhibited
best performance. It had no significant effect on smoke forma-
tion , and it reduced the formation of CO and the rate of’ flame
propagation.

Ferric acetylacetonate and poly(ammonium phosphate), incorpor—
ated into neoprene foam, induced smoke optical density under
flame exposure conditions only 10%.
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• 1. INTRODUCTION
S

The Navy Is concerned about injuries and losses caused by U n—
• wan 4 ed fires on board ships and at shore installations. One

appr o ach to reducing these involves the use of materials with
~mpoo ved r e s p o n s e - t o — f i r e  and f i r e  p e r f o r m a n c e  c h a r a c t e r i s t i c s .
The pr’ograrr; described in this ret ort was designed to evaluate
se1ec~ e.i means for enhancing the fire safety of two polymeric
materials widely used on board ships. These materials are poly-
vInyl chloride ( P V C ) and  neoprene .

The me ins for enhanc1n~ the fire safety entailed Incorporation
or can di da te fire— and smoke—retardant additives into both polymer
systems and the application of intumescent coatings with PVC . The
fire performance characteristics were evaluated by laboratory—scale
t ’sts. These Include d measurement of ignitabil ity, flame propaga-
tion , and smoke rind gaseous combustion products formation . Some
physical properti es Important for the use of the polymers were
determined with the most promising fire— and smoke—retardant PVC
p o l y r r r compositi ons.

2. EXPERIMENTAL

2.1 MATERIALS

2.1.1 Unmodified Polyvinyl Chloride Resin

• nrredlfied , compressed PVC resin (Opalon 650 , previously pro-
duced by Monsanto Company ) was used for ignitability measure-
ments.

2.1.2 Experimental Polyvinyl Chloride Compositions

2.1.2.1 Base Polymer Formulation

The base polymer (B?) formulation for experlr~~nts with PVC hadthe following composition:

Resin (Geon 1O2EP from Goodrich Chemical Comp-e - - 100 parts
Plasticizer (Nauitici zer® 114 8 piastIc~ zer from 30 phr

Monsanto Industrial Chemicals Company)
Stabilizers

Dibaslc lead phthalate 7 phr
Dibasic lead stearate 0.14 phr

Lubricant (stearic acid) 0.~4 phr

• ®Revlstered trademark of M o n s a n t o  Company. 
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The ingredients for this formulation were initially dry—blendedr at room t emperature . Subsequently, they were further blended
by milling at ‘~.i6O°C. The 0.0625—in. —th lck sheets were compre s-
sion molded at 130—160°C at a pressure of 1500 psi.

2.1.2.2 Fire— and Smoke—Retardant Polyvinyl Chloride
Co mp Os I t ions

The flame— and smoke—retardant polymer (FSP) formulations con-
tained 30 phr MgCO 3 (Magcarb L , from Merck Chemical Division).
Additionally, formulation FSP—l contained 5 phr ferric acetyl—
acetonate , and formulation FSP—2 contained 5 phr cupric acetyl—
acetonate. The FSP compositions were processed in the same
manner as the base polymer formulation.

2.1.3 Experimental Polyvinyl Chloride Compositions with
Intumescent Coatings

Four types of intumescent coatings were used. Their compositional
characteristics , manufacturers , and designations are tabulated be-
low.

Designation
- 

Used In
Coating Identification Manufacturer This Report

Alkyd-based intumescent C. M . Athey Paint Co. IC—i
rai nt No. 110

Epoxy—based intumescent Ocean Chemicals , Inc. IC— 2
pa int No. 1477

Mastic No. 314 Ocean Chemicals , Inc. IC—3

Latex—based intumescent Ocean Chemicals , Inc. IC—14
paint No. 330

The alkyd— and latex-based coatings are recommended by the manu-
facturers for interior surfaces (Refs. 1 and 2). The alkyd—based
coating is specifically recommended for interior marine applica-
tions such as galleys , and engine room bulkheads and overheads
(Ref. 1). The mastic coating is general ly  used for the protec-
t ion  of load—bearing metal structural components. The epoxy—
based intumescent paint is recommended by the manufacturer for
exterior , mar ine , and interior applications (Ref. 3).

The coatings were applied onto one side of the molded PVC sheet
specimen-s and onto a 0.0l9—In .—thlck aluminum sheet according to
the manufac ture rs ’ specifications.

The Intumescent paints were applied with a brush In the approxi—
mate thicknesses specified in the manufacturers ’ technical liter—
ature . The alkyd and latex coatings were applied at a coverage

2
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of ~200 square feet per gallon in a single applicatio n. The
epoxy coa t ing  is recommended at a t h i cknes s  of ’ 9 to 10 m i ls ,
which Is attained in two applications , at a total coverage rate
of approximately 130 square feet per gallon. The solids content

• of the epoxy coating is in excess of 80%.

The mastic was applied with a spatula at a thickness of 0.12 in.
After drying, it exhibited poor adhesion to the materials used
in this work.

The alky d , latex and mastic coatings were allowed to dry at room
temperature for at least one week , and the epoxy coating for at
least two weeks , before specimens were cut for testing. The
thicknesses of the alkyd , epoxy and latex coatings were approxi—
r r a t ~~1y 15 mlls , 9 mlls and 12 mils , respectively , after drying.

2.1.14 Experimental Neop~’ene Foam Compositions

Numerous formulatioyis have been used for the preparation of neo-
prene foam (see Ref. 14 for examples). An isocyanide—modified
foam , based on Neoprene Latex No. 357 produced by the Du Pont
Company, was used as the base formulation because of’ its rela-
tively good fire resistance (Refs. 5 and 6). This composition
contains aluminum hydroxide as the filler. It has been shown in
a recent investigation (Ref. 7) that aluminum hydroxide enhances
char formation from neoprene , with a concomitant reduction of’
heat release during the thermal degradation .

Phos—Chek® P/30 fire retardant was Incorporated into the latex
formulation to enhance the fire resistance of the foam . This
additive was expected to exert fire—inhibit ing action by two
mechanisms: (1) by supplying flame—Inhibitin g phosphorus—
containing spi~cies , and (2) by forming a protective aluminum
phosphate coating on the surface of the degrading polymer.

2.1.14 .1 Development of’ a Procedure for the Preparation
of Experimental Neoprene Foam Compositions

In exploratory, small-scale experiments with fire— and smoke—
retardant additive s, the recipe reported in Ref. 5 served as the
starting composition. The effects of incorporated fire— and
smoke—retardant additives upon foam processing and curing charac-
teristics were investigated. Processing and curing procedures
were then modified , based on the effects of the Incorporated
fire— and smoke—retardant additives. Procedures were established
for larger scale preparation of experimental compositions for
f i r e  per fo rmance  t e s t i n g .

• ®Registered t r ademark  of Monsanto Comp any .
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The following is i brief description of the base foam (BF) prep-
aration procedure (see Ref. 5 for additional details). One
hundred sixty—seven and seven—tenths grams of Neoprene Latex 357
(Du Pont Company . Elastomer Chemicals Depart ment ) of’ 60% total
solids content was used. The quantities of the other reagents
are given with referen ce to 100 parts of dry solids in the latex ,
or 166.7 parts of the water—based latex.

The base liquid compound was prepared by a five—step procedure :

1. The following components were first combined :

Water 1.00
Aquarex WAQ, 30% active 1.2

(Du Pont Company , Elastonier Chemicals Department )
Triton X—l OO , diluted to 30% active ingredient 3.00

(surfactant from Rohm and Haas Company )
Dreslnate 91 1.50

(surfactant from Hercules , I n c . )
Thlocarbanilide , 33% 3.00

(Monsanto Company , Rubber Chemicals Department)
Ball—milled dispersion prepared from: -

Thiocarbanilide 100
10% Solution of Daxad 11 30
10% Solution of ammonlum caseinate 30
Water 1140
(Daxa d 11 an d ammon ium case ina te ar e
surfactants available from Dewey and
Almy Chemical Company , and Sheffield
Chemical , r e s p e c t i v e l y)

Tepidone , 23.5% active ingredient , prepared 1.00
by diluting the 147% commercial composi-
tion with water
(Du Pon t Compan y , Elastomer Chemicals Department)

Diethanolamine 0.25
Pigment masterbatch 15.83

Ball—milled dispersion prepared from:
Zinc oxide 100.0
Antox  N 2 6 . 6

(Antioxidant from Du Pont Company ,
Elastome r Chemica l s  Depar tmen t )

Marasperse N—22 , 10% solution 12.7
(surfactant from American Can Company ,

Chemica l  P roduc t s  D i v i s i o n)
Water  7 2 . 2

Ant imony  ox ide  14. 140

The above components , except for antimony oxide , were agi-
tated until a uniform mixture was obtained. Subsequently,
the l a t te r  compound was incorpora ted  and the m i x t u r e  was
again s t i r red  w e l l .

14
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2. The blended mixture prepared in Step 1 was added to 166.7
parts of the latex with agitation.

~~. Aluminum hydroxide , 20.00 parts (Hydral 710 , Aluminum
Company of America , Chemical Division), was added while
the dispersion was stirred rapidly .

14~ N—Me thyldiethanolam ine hydrochloride solution , 23.8%, was
added to bring the pH into the range of 10.8 to 11.2.
Subsequently, N—methyld iethanolamine (MDEA , Union Carbide
Corporation) was added to bring the total quantity of MDEA
to 7.35 grams per 100 grams of latex solid. The resulting
suspension was allowed to age for at least two hours at
room temperature before further processing.

5. Ammonium caseinate surf’actant solution of’ 10% solIds content
was added at a ratio of 1 to 100 of latex solids .

The foaming was carried out with a Kitchen Aid mixer. The base
liquid composition , whose preparation is described above , was
fr - thed with air at high whippin g speed for 8—10 seconds to pro-
duce a foam of approximately the desired density. Subsequently ,
the speed of a~ 1tatIon was reduced for further refining of thefoamed dispers ion. Finally, polymethylene polypheny l isocyanate
(PAPI) and sodium silicofluoride were added in the following
amounts:

PAPI (from Upjohn Company ) 114.00
Sodium silicof’luoride dispersion 13.33

Bali—milled dispersion prepared from:
Sodium silicofluoride 100
Bentonite clay 2
10% SolutIon or NaOH 5
Water 226

PAPI and the sodium sIJ . icofluorlde dispersion were distributed
rapidly over the entir e surface. These ingredients were blended
into the foam at the refining speed within 90 seconds. The
blended foam , Lncluding all ingredients , was poured rap idly into
a 5 in. x 10 in. x 11 in. mold in which it was allowed to set up
at room temperature for approximately four hours . The water—
containing open—pore foam slab was then dried and cured for 12
hours in an oven maintained at 120-125°C.

The following fire- and smoke-retardant experimental foams (FSF)
were prepared by the procedure used for the base formulation:

FSF— 1, containing 5 phr ferric acetylacetonate
FSF— 2, containing 10 phr of Ihos—Chek P/30
}“SF—3, containing both additives at the Indicated con-

centrations.
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The fire— and smoke—retardant additives were Incorporated into
the frothed formulation before the addition of’ PAPI and sodium
si lico fluoride .

The encapsulated Phos—Chek P/30 contained 80 wt— % poly(amrnonlum
i hosphate) and 20 wt—% of the encapsulating polymer. The 10 phr
[hus—Chek P/30 content of FSF—2 refers to poly(ammonium phos-
pha te).

2.1. 14 .2 Observations and Conclusions

All additives incorporated into the base formulation affected
the set—up and curing characteristics of the foam . Some candi-
date smoke—retardant compositions containing cupric acetylaceto—
nate were also prepared in the initial phase of the work. This
addI’lve accelerated the set—up at room temperature , allowing
°f l y  ~45 seconds for the final mixing as compared with 90 seconds
for the base formulation . When i f ;  was learned that this addi—
~ive also catalyzed thermal degradation of’ the neoprene polymer
at the ove n curing temperature , its use was abandoned.

Ferric acetylacetonate retarded both gelation and the rate of
curing at the elevated temperature . The FSF—l formulation was
mi xed for four minutes before pouring into molds . Since 12
hours of curing time were needed for this formulation , other
compositions were also cured for the same duration.

Phos—Chek P/3O lowered the pH of’ the frothed foams and greatly
accelerated the gelatien. To enable incorporation of’ this fire
retardant , it wa.s encansulated into partially hydrolyzed ethylene—
vinyl acetate polymer. The encapsulation i rocedure is reported
in Section 2 .1 .14 .14 . With encapsulated Phos—Chek P/~ 0, a mixingtime of 60 seconds could he used for the FSF—2 composition.

in the FSF— 3 compositio n , the effects of ferric acetylacetonate
and Phos—Chek P/30 were counteract ive . A 90—second final mixing
time was used , which is Identical with that used for the base
formu lat ion ( B F ) .

Higher concentrations of the surfactants Aquarex WAQ and Triton—
100 were used for the FSF compositions than those that were
found optimal with the base formulation (see Ref. 5). The in-
creased concentrations were essential to stabilize the frothed
foam prior to set—up .

It was found during the small—scal e preparations that the ambient
temperature must be at least 23°C in the room in which the foam
is prepared. At lower temperatures , the frothed foam coalesced
before setting up.
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2 .i.~-I .3 Preparation of N e o p r e n e  Foam Specimens for Fire
Performance Testing

To prepare t e s t  specimens for fir°- performance testing, the quan-
tities listed fur’ the recipe in :‘ectlon 2.1.4.1 w°re quadrupled.
The mixing and fr thin s sp e r t t i o n s  were c r i n d u  ~t d with a Hobart
mixer e q u i p p e d  with a 5— gi ll - ri b wl. The f’r thed foam was poured
into 20 i n .  x 7.5 in. x 2 . 5  in. cardboard m olds l i n e d  with poly—
ethylene film. Test sr-e clmens web cu~ from the cured foam slabs
using a bandsaw that w-~s equipped w it h a thin_r-dged , sharp blade .

The samt le frothi ,g and r e f ~ n In g  imes wer e 1~ sec ~sd 10 minutes ,
r’ spectlveiy, during ~he r— re~ arction of tt-5 ~ specimens. The six—
Ins times , af ’t”r the addI~ 1or of’ PAPI and s~ o i 1 i i m  s11~ cofluoride ,
w* re as follows: HF , 120 sec; F~

’
~’—1 , 360 sec; FSF—2 , 90 sec;

and FSF— 3, 90 sec.

Set—up time in the molds was 1 t- 14 hours at room t~ - mperature .
The samples were r e r m  ved f r-nm th~ molds and air— dr ied at x’uom
t i - m p e r a t u b e overnight. All sarr i~ les were subsequently cured in
an oven at ‘~l2l°C for 12 hours. The densities of’ cured sn -ci —
mens ranged from € . 3 to 7.7 lb/f’ ~~.

2. 1.5 E n c a p s u l a t e d  f h o s — C h e k  £730 F i re  P’; ;nt dar ;t

TN ’ - f o i l - w i n g  p r o c e du r e  was ~sed f or the  - n s ’~p s u 1a t I o n of Phos—
Chek P/30 , to prevent coagalation of neopr ne o4 ex upon the
addition of thi s  rh os p ho rus —co n ta l r in g fire retardant . This
procedure was adapted f r o m  a patented ~r cess (Ref. 8) that
u t i l i zes p a r t I a l l y  h y d r o l y z e d  e t f t ; 1 ’n e — v i r i : , 1 acetate as the en-
capsulating material.

Three lIters of rea -ent gradi- toluene , coot aln’- d in a 14—l iter
beaker , was heated t o  85°C using a writer b o t h .  ThIrty— five grams
of partially hydrolyzed ethylene—vin yl acetate polyme r (60/ 14 0
E/VA , 14 )4 % hydrolyzed) was added. With continuous stirring, the
dissolution of the polymer reqsl r d  about t w o  hours .

A f t e r  t h e  polyme r had completely dissolved , 250 ml of cotton-
seed oil was added. Thu solution was then allowed to equilibrate
thermally with the bath.

Three hundred and fifty grams of’ Phos—Chek P/30 (sieved previously
to >200<100 mesh s i z e )  was added while efficient agitation was
p ro vi d e d.

The water from the heating bath was drained and an ice bath was
prepared to cool the suspension rapidly . Samples of the suspen-
sion were removed at Intervals and observed under the microscope ,
to monitor the encapsulation process. Encapsulation began at
temperatures below 140°C.

7
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When the capsules had formed and the temperature had been lowered
to he1~ w 20°C , 50 grams of Mondur CB—75 isocyanate was added to
f cc: a crosslln ke-I polyme r surface network . St Irring was con-
tinued at room temperature f r  2~4—36 hours t( attain the desired
crosslink density .

Af t er the preparation , the E ncapsulated Phos— Ch- k P/30 was allowed
to settle. The supernatant solution was decanted. The capsules
were washed twice , with agi*-&tion , using, additional quantities of
toluene . They were subsequently dried.

2.2 TEST METHODS

2.2.1 Ignitability

The Setchkln ignition test apparatus was USed for ignitability
measurements (Refs . 9 and 10). Six—gram samples , instead of the
specified 3—gram specimens , were used for the tests. Even with
the larger specimens , the rate of pyrolyzate formation was not
s:lffi:IL-rl tly r ip ~~ d u r i n g  a l l  tests t o  y I~~l i gr it-d-l e composi—
inns Is. the gas p hase.

The linear alr f~ w rate t~hrough the chamber was maintained at
20 fpm (10.2 cm/see) at. all temperatures. Calibrated chromel—
alume l thermocouples were used for temperature monitoring. The
ignition temperatures reported here are those determined at the
u r r u r sample surface at the time when ignition was observed.

2. .2 Formation of Smoke and Gaseous Combustion Products

An analysis system capable of continuous measurement of CO , Ca2,
NOx, total hydrocarbons , and oxyi -en (Ref. 11) during the burning
of’ polymers was used in conj unction with smoke measurements.
ThIs system , designed and constructed at Monsanto Research
Corporation (MRC), is connected to the NBS—Am inco smoke optical
density chamber (Ref. 12), whIch Is utilized for the burning of
samples under controlled conditions. The analysis system is
shown in Figure 1, and it is depicted in a simplified schematic
manner in Figure 2.

The work described in this report was conducted with 2.5 in. x
2.5 In. (7.6 cm x ‘7.6 cm ) samples of’ different thicknesses ,
moun~ ed In vertical position. The imposed energy flux was 16.1
watts/sq . in. (2.5 watts/cm 2) in the center of the sample face.
The samples were exposed to radiant heat ing under both nonflame
and flame exposure conditions.

The smoke optical density in the NBS—Amin co chamber is monitored
optically. To ascertain representative sampling of the gaseous
combustion products , a ~-prohe sample acquisition assembly is
used for all species , except for HC1. The sample intake port s
are located at 1/b , 1/2 and 5/6 of chamber height , parallel to

8
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t h e  op t i cal  p a t h  used f i r  smoke d e n s i t y  m e a s o s ? m e n ~ . Hydrogen
c h l o r i d e  and hy d r -ge n c y a n i d e  are samp i - U  throush :;eoarate
Tef~on t ubes whose openings are 10 cm below the ceIling.

The ch - imb ~~r a~ mosr here Is s o m ~ led for gases other than HOl and
i i C S  a t  t he  r at e  of 2200 mi/mm . Approxima te ly 37% of the  sample
is- unaff’~n-tcd by the analyzers . That fraction is returned t
‘he chamb er. The instruments incorporated into the analy sis
system and their rc -~-sure~ment cans -s are listed in Table I.

~ah1e I

A N’ALYT I A INST RU~~ NTS FOR fOMB UST ION PIIOLUCTS AND OXYGEN ANALYSIS

Mea: irement
Limits?vhnufacturer

Species Operational Principle and ~ibdel i~wer Upper

CO2 Nondispersive IR Bec1ar~n 864 0.05% 2O~

CO Nondispersive IF Beckman 865 1 ppm 10%

HC Flame ionization 1eks. :n 402 50 ppb 25~

NOx ( ‘h erri iurnine scence TECO 1OA 0.1 ppm 1%

02 Paramagnetic susceptibility Beckman F3 0.05% 25%

The cont  I r~u n l ~ s a n a l y z e r s  for  gaseous c o m b u s t i on  pro luc t s  a r i
smoke provide an on— site record during the exr~~r imer :ts through
a Texas Instrument s \indel FMW S 2)4—point recorder , operated in
8—point cycles. The analysis ¶n :-trumer its are also connected to
a General Aut om ation SFC—l6/65 computer for real—t ime data
acquisition and processing. The control terrr:inal is located In
the fire safety labor- ttory . The computed results are a-;ailable
after the comm lotion of experiments In tabuiar an d  graphical
form .

Samples for HCI and H°N analysIs are withdrawn intermittently.
For 14—minute durations , with sampling times centered at 5— , 15— ,
and 30—minute time points , chamber air is pr~~ped at the rate of1140 ml/min through impingers containing 25 rrl of’ 0.2 molar
aqueous KOH solution.

One—milliliter samples of the irrp t nger contents were used for
chloride analysis by a colorimetr ic method (Ref. 13) In the early
phase of this work . The method entails release of SCN— anions
upon reaction with Hg~SCN)2 and their reaction with Fe

3’
~ to yield

colored complex species. In the later stage of thin work , chic—
ride determinations were made by an ion ch 1 ’ on ; - r t ~o~-r ’a 1 oi c i-ethod
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( R e f ’ .  1 4 ) .  A Di nex Moth-i 10 in s ’ rumeri t -w a s  use - I for  these
m e a s u r em e n t s .

2.2. 3 Flame Pro : ~~~it iuri

~lorse p r o p a g a t i o n  m € - o s s r - em e n t s  were  cu r - Ju c t e d  by t he  procedure
sp e c i f i - i  in  A ST~ S’ m i -u - 1  y e t  h r I  E 16 C — 7 6  (Ref. 15). Pither
dup licate cr tr’ plIcat.e r r e - r i s u r u m --n t s  were prrfnrmed with eac h
ria~~e r i a 1 , d ” p c r i r i i r i g  u r o n  t h ’ -  r e p e a t a b i l i t y  of  results.

2.2. 1 Te ’ :Ple_ Strem~ th on d  E l o n g a t I o n  M e a su r e m e n t s

An In s t r o n  ~ 1 TTC es~ i r i g  ma ch ine  was used for  t h . - t e n s i l e
s t r e n g 4 h and t - l  rm’ -at  ion neas- .r r - r c c n t s .  It wa - ’ e - i u I  r e d  w i t h  z r —
r a t e d , Typ e  lOF gr ’~~ i s whose s e p a r a t i o n  was 14 .5 in .  The np -d r - e n s
were c u t  w i t h  a T’,’I - o  I d i e .  T h e i r  c r o s s_ st -u t lonal  d i m e n s l i n s
ranged  f r o m  0 . 04  i n .  x 0 .5 00  in .  to 0 . 0 7 3  i n .  x 0 . 5 0 0  i n .

2 . 2 . 5  E l e c t r i c a l  M f - - a s u r e r s e n t s

The volume reslst ,ivlay was measured with a Ro h l e — S c l w a r t z  Corri~ anytera ohmmeter. The dielectric constant and diss ipat ion factor
m easuxements were c -n d u c t e d  w i t h  a Gen era l  Ro lb C i r r r a n y  c a m a u l —
tan ce b r ij g e , T y p e  7 16C .  A Ty~~ l69 0A sample  holder was used for
the L a t t e x -  - I e t e r ’n i n a t . b o n s .  A l l  e l e c t r i c a l  m e a su r e m en t s  were  c o n —
ducte r at 2~~ C.

RESULTS AND DISCUSSION

3. 1 PXFERIMESTAL POLYVINYL CHLORIDE COMFCSTTJONS

1. Ignltatility

Ignitab lilty measurements were conducted ~c~~th  ~he base polyme r’
composition designated as BP , and r : i t h  the  Fe(aca r ’ ) 3— and
Cu(acac)2—containing f’i’-’e— ana smoke—retardant corr:pocl tions ,
FSP—l and FSP—2. Tests were also conaucted with samp les of’ the
compressed , unmodified PVC resin and w ith the pias~ Icizer usedi n  the f i r s t  three  c o m p o s i t I o n s .  The results and observations
are summarized in Table II.

12
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Table .LI

F L A S H  T G N I T I O N  TE 1~i} - LRATURES OF PVC COMPOSITIONS

Number of’
Determinations Flash

When Ignition
IgnItion Temperature

Mater’1~- l  
— 

Total Occurred (°C) Remarks

PVC 2 2

BP 9 7 271~~’~ Smoke evolution
w i t h -n u t  I g n i t i o n
observed at temper-
atures from 1420°C to
510°C

FSP—1 5 1 296~ Experiment discon-
tinued at 330°C

3 ~4 59~ Smoke evolu t ion
observed at 202°C to
300°C

FSP—2 14 1 1450 Smoke evolution
observed at 217°C
to 2)42°C

Santicizer 1)48 2 2 289~
p1asticizer~

~Average value for all measurements.

~ ignit.I on observed at 1426°C and 14 32°f. Opal on 6~ 0, ~)r--aiousl y
produced by Monsanto  Company , was used for  the se measur-:-mer~ts.ther polymer compositions contained Geon 1O2EP PVC , produced
by G oodr ich  Chemical  Company .

~ I g nit i o n  observed at. t empera tu re s  ranging  from 2 514° C to  2 9 4 °C .

~Temperature at which ignition observed in one c-:~perime nt

~Average value for ignitions observed at 14147°f , 1 4 t 1 4 °( ’ , ‘no d 146s°C .

~PlasticIzer in B!, FSP—l and FSP—2.

~IgnitIon observed at 283°C and ‘-~5°C.

13
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Th unm . di f!eu I ~~i r ’ ’s in lg r iit ed at ~ 14 ~() °f • Lb . -  i~— r~ ¶n~ o f
o’c urs a~ a c o n s e c o r c ’ e of a We— step i- ’grac’ ion c ress of • he
r e s in  (R e t’ . i r ~~ . t o r i  h e a t i n g  a t  a coriston ’ ru’ , ‘he r e s i n

no to - i e c o n m  u s e  at a read i ly a -  tect . able r o t ’-  -~t-ov’ 220°C (st e
rj -~~~~, nit ial we i~~ht loss is caus~- i ma n I v :~‘ the - r —

r u ’  ion of Ht’l fr -am the polyr: -r’ chain. The ~ow slot - i - in tb ’
therm gram at ~ C— ~8o °c occur’s w h o  the ‘ih inr’ ~ riu has ~ e r a i r u s i
c r~m 1ete~ v lo ru I -  r the oi ’mcr and a the irsil ly u r is r a t 1’’ char of
t h -  a; pr’ nx ma’ € comp si ’ ion ( C H ) u  r e m a i n s  ( R e f .  l~~). F rr’ t r~ -r
h e a t i ng  ‘a i s o - - I ’ s rodat Lou of ‘-hat char with concom itan t v c l u t i l —
i s i t  len of sorr 1.-gradation p rocr mr ts and the format , ion of a ri o’:
stable , h yin-os e n— p oorer char. Flash i;~n Lt ion ‘akes lace w h o

h a t i n g  at. this stage oc u~ ’~ 110101 - ven t i la ’i r i  c - - n i i t i o n s
t hat allow the lower fla rr: rrsi b ili ty l i m i t  of t h e volatile or ga n ic
legradat Ion pr oducts t o  be exc ee - . i - i .

0 IT 2T ~~ ~~
T.mp.r.*ure ~°C)

Figure 3. Thermogram of’ Polyvinyl Chloride (-Dpalon 650) Degra—
-Jot r n

The i g ni tion temperature (“290°C) of the plas t ic ise r , isodecyl
diphen yl phospha t e , was determine -I under the same conditions as
¶hose used for the plast icIzed PVC’ comp o s i t i o n s .

Flash Ignition ti’ rrper’ature s of the plasticized PVC compositions
were found to fall into two ranges: 2514—296°C and 1426— 1465°C .
Some samples did r o t Igni te ; however , these samples generated
b i b  concent rat ! urn; of’ :‘rrì ike in ten,Ierature ranges at which he
o t her ’  s am p l e s  of ’  ‘he same c o m p os l t ons  I g n i t e d .
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Di f f e r  . -n ’- sam~ les of ’ F~ i ’ — l  i - x h i b i  t e d  ign i t  Ion n t o t n i  t empera t  ure
ranges . r’ ou r C :~~

- C I ye S or- 1 E ‘ en ‘ ‘ -1  u i - h -  n- ~~r’ n t f l a s h  i g n i—
t~ - ; one did not I vri i t e . One s-ample I g n I ’  ‘ - 1  at  296°C and th ree
s o - ;  les ~sr i t e o  ‘he 14 - . 7 — - . t 5 ° C  ‘‘ - - rr . ; e r v i t u r e  n - - . r r ~ e.

Flash I~~rd t~.-n of tire hF and ~‘Cr_ 1 In th e - 25c_2~ t; °C t e m p e r - -at . or ’~-r ’r r : s ’- is  a t t rl f  a ’ ei t v  t h e  ir’r:Iti -r : f thet’~~- il degradat ion r —

i u - t  s of he l i st  I s i z e r  on ‘ he f -~ zls of m ’ - -a S A  r r~ s co n d u c t e r
w i ’ h  ‘ :~~~

- ure p l a s a i c t~ er- and tb ’ urso i l f i e l  PVC res~ r. fl r r t h e
so’ b as~~s , the flash ignitI on t er ape ra tore s  of ’ the FU!- ’ composi-
t i o n s  ~r i ‘ he  ‘4 - 4 7— 65°C 1 05 ’-  -ar ’ attributed - - t b ’  hydr o- arf ° r ,
-d rr-ad- ,’ I i i  ~- r ’ - b I C t S  C r - ” e I  fr- ar~ the  P V C x’es~ r..

T h - -  d a t : -  in T a L l e  I I  irrdiea t ‘ t ha ’  t b  t r a n s i t i o n  r - e t a l — c - r t a i r —
ins additives incorp rated Into t hi- plas ’ Ici s ’-d PVC corar si’ Ions
f or  t b ’  e n h a n c em e nt  of char  and r e d u c t I o n  of - ke ? o r ’ m r ’  ~on hay.:-n adverse effi- - t  an the i s r ~I t a b i 1 i t  of ’ the tun e p o l y r r - r  c a n t o —
s i t  I(  r is

3 . 1 .2  F o r m a t i on  of l’-noke

The i--ri m a r y  ob ,~ ect ive of ’ the p r o g r a m  w a s  to  1 w ’- r  smoke  fr rraatl on
by  b u r n i n g  PVC and neoprene r oiyme r composi t i - - r i . C onc— a rm . 1 tar ’ ly ,
enhanc ’ . -mer ~t of o t h e r  f i r e  pc- r f’c r r.- a r r ce  charact er-I stI vs  (e.g. ,
Juction of’ the rate of f lame propaga t i o n )  was s o u g h t . .

L i J r ’ t r r g  the combustion of organic rrsi t t- r lols , Sra vo :~ ~‘ - n ’ r ’ - u -

cause of Inco mr b e t e  c o m b u s t i o n  -of volatile py r- -:-lysis and therm °—
oxidation products. The fri rmat lorr of smoke ‘ L u ~ constitutes a
compet In g  pa’ h to t.hu rmi ;-— -- :x  t r a t I o n  of ‘h e  c a r b o n — c o n t a i n i n g
species Iii the flare.

Tw° ge neral  a~~p r ’ - - o c h t - s  were Inve : ° ig ated fo r  r e d u c i ng  smoke
f o r m a t i o n  d u r - b r i g  combus t  ion  an d  I’— r - e nh : ,. — i n g  o the r  f i r - - - per-
fo rmance  c h a r a c t e r i s t I c s  of PVC and neol r”ri ’ - :

• b -a i~- .-tIon of the rate of vo lan ile , combustUle ;yr- o :.’ .:ate
f’orrrat ion.

Catalysis of the oxidation of solid ; a r t Ic- ~l-ate smoke
during flaming Lo r r k - u;~ ion .

The f ilowing means for reduciris the ra’ e of volatile , combus-
tible pyrolyzate formation were Investigat ed with PVC :

• Use of additives that catalyze er- cause condensat i- rr
reactions under fire—associated pyrolysis condI tions.

Use of intu rre scent coatings .
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The effectiveness f ‘he first of the above means was also in—
vestigated with ne~ p ra’ne r It ber foam. Additives that were ex—
pec ’ c-i to f o rm  an nnul at lye glass foam upon heating under
cond 1~ i ons !-revai  11 ng In f t  n ” environments were i nco rpora t ed
i’i 0 neo; r’ene compositions.

The second of the above general approaches for smoke r e t a rdance
e n ta i l s  the  i n c o r p o r a t i - a n  r~~f’ m a t e r i a l s  in t o  t h e  po lymers  t h a t
will st-crc as precursors for catalysts that w i ll oxidize carbo—
nas -n u s soot particles. This- approach to smo2e retardance is
base l on the demonstrated ability of some metals to catalyze the
ox l-la t ton of graphite (Refs . 18—20 ).

Th.’ addit ives ard coa’. ings used in such an ~~ roach r a i n ’ meet
c m - ’ -

i i n  r - ’:- - - m u i r - e r - , - rats. They mo un t be o xi d a tiv e l y  and h y d r ol y t i c a l l y
s able under the normal use cond itions of the polymers  in to  w h i c h
~hev are Incor’; orated. Additionally , the metal—containing ingre—
ii ’ - r~ s that serve as precursors for t h e  o x i d a t i o n  c a t a l y s t s  ra f
cartonac t -r o ke particles must nreet the following requirements:

• The ~x1- :1es for-red from these additives in the flame zone
r u st C a r : t i ~~r r as catalysts for the oxidation o f smoke .

• The additive s must either be thermally stable at the
polymer ;f.- rc-iysIs terru oratures , or they must react in
th’- c- .-r.dense-d base to yield volatile , metal—containing
compounds  ‘ h a ’ will volatilize with the polymer degrada-
tion ra ro ru st s. It is desirable that the metals be vola—
t ilis t .’d with th e ryr’-o I,yzate at rates p~-oportIona1 to the
~-rulyzate fom-rm : i ’ I - n .

Re ady r”:V e r ’ s - i b I l l t,y of xl i-a t 1-o n reactio n s, i.e., the absence
of s’rong therm’ m a r I e  d r i v i n g  f-or- u i - s In the direction of any
val ’-m. - ‘ - state th at Is Involved in the oxygen t ransfer reactions ,
Is ti- i t c - --;. d t o h e  a maj r’ prerequisite fur- catalytic effective—
r , e : -;n  of tb ’  r . -ta ls in the ( x i d a ’ 1 ’ —r of sraphite (Ref’s . 18—20 )
mis-i soot.

i’ has been - i e n - ’ r s ’ r -m i .-’d in ..-an’ iler stud tc- s at Monsanto  Research
C o r p o r a t i o n  (~-:ir~) (R’- fs. 17, 21 and 22) that iron— and copper—
c o n t a i n i n g  t r an s i ’  I - n  me t a l  comp r -unds  lower  smoke fo rma t ion  bo th
I n  PVC comp -nit ions and In other polyolefins. These are incor-
porated In the f-,rr’ of’ coordinat ion compounds that have to meet
the ab ’je— -Ies crihed stability requirements.

In this investigatIon , ferric and cupr ic acetylacetonates were
incorporated Into PVC as precursors for the active smoke—retar—
dants. At elevated temperatures , upon interaction with HC1
formed In polymer degradation , these coordination compounds are
expected to yield the respective metal chlorides that would func-
tion as crosslinkirig catalysts. These chlorides are also suffi-
ciently volatile to be vaporized in an intense fire environment .
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Thereby, the Incorpora ted Iron and copper acetylacetonates func—
4. tion also as precursors to vapor phase oxidation catalysts for

the oxidation of soot r - mr rt lcles in flames.

Santlcizer 1148 (inodec’ ,’l dipheny l phosphate) was selected as the
p -lastici rmon- fLr t l . e n e  conipos ition s because of I t s  known low pro—
pen slt’~’ f-or’ c o n t r ib u t i n g  to smoke from plasticized PVC composi-
tions (Ref. 17, 23 and ~14). The plasticizer content (30 phr) was
selected to correspond to values frequently used in wire and cable

~ n s u 1 at Ion.

Magnes ium ca rbona te  was incorporated as the reactive filler. It.
In  presumed to react at h i gh  temperatures with phosphate t y p e
plasticizers , yielding foamed glassy materials that will lend
protection to the polymer.

The results of sample mass and smoke optical density measurements
are summarized in Tables IX and X , respectively, In the Appendix.
Smoke  optical density value s as functions of time fc r— the base
p- --lyme r composition and for the compositions containing Fe(acac)3
and Cu(acac)2 (FSP—l and FSP—2 , respectively) are presented in
Figure i-i . Similar rate information for samples coated with
alkyd— and epoxy—based inturtescent paints , and for these paints
on an alumInum foil base , are included in Figures 28 through 31
in the Appendix.

3.1.2.1 Smoke From F D P  Compositions

Significant reduction of smoke fox-motion has been at t a ined  w i th
additives used in FSP—1 and FSP—2 under both flame and nonf’lame
exposure conditions (see Figure 5). The maxi m um smoke optical
density under flame exposure conditions was re’luced 61% and 68%
with the iron— and copper— containing additive s, respectively.
Under nonf’lame exposure conditions , the corresponding values
were 142% and 52%. The copper(II)—containing additive was approx-
imately 20% more effective In reducing smoke than its iron(III)
ana log.

The times that transpired until maximum smok - densities developed
with the FSP compositions were a little longer’ than those for the
base polymer composition under flame exposure conditions ; under
nonflame exposure conditions , these time s did not change signifi-
cantly.

It is noteworthy that the maximum smoke optical densities developed
durln.c’ the exposure of l/L$_in ._thick samples were not much hi~ -h er
than the respective values for l/l6—in. —thick samples (see Figure
5). The time s required for the development of the maximum den-
sities were longer with thick samples. The percentage char resi-
due value s were also higher with the thick samples (see Table IX
in the Appendix). The disproportionately low smoke optical den—
mit y developed by thick samples Is attributed to both physical
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F i - -- u’t .- 5. i~ OX m ’U c f’ ’ c ~mnoke Opt cal Dens it cs of’ FSP C’om~ o—mY ’  on:;

a id cL - s i s a l  a-s t -s . rr, , ba r- Corned f r om ¶ h- I V C  resin is
ci- U ui -a r , v lu mm i r n - u : an - i im :3 n la t in g . l- -c~ius - of ‘he larger mass ,
¶ h~ 

‘ in ck samples am - ”- heated mom -c slowly. P r - - ~n-:r:aTh- ly  , more ext em—
sire cmos: ; link rig o~ or ’s  durin g the slower b .-r1 m . in s , causing a
r’- - Iu t ion of the amo un t of vo lat I U- (con;.t-usx. lb Ic  and/or condensable)
~‘-F ~r’ad-O ’ ion r’-od Icts. A l no , more extensive an ’ ” I  m e r a t i o n  of’ aerosol
-art Ic 105 cart me n- -1- n -I nns the prolon ged i - - g r a d a t i on , causi rag an

mn _ - t en se of’ 1 Ight t n - a n : ; - . I  tt-ar cc- t h r o ugh  the sims he. 

nok0 i” I ’o tn  C’ -~ato d  I~am~ l ..~s and i - r u m  the Coat ings

H’evlous wo r-~: ;~~~‘ MRC (Ref’s. 25 -and 26) and elsewhere (Ref. 27)
b u s  -1 ’-rnnist ra tn - 1 t in ’ effectiveness of ¶ tumescent , coatings, fo r-
er h n n n c  i n , - the “jr-c performance of n rnt - p o l y m e r s .  Upon exposu re

~ to heat , the  i n t u m t - s c i - n t. c oa t i ngs  e x p a n n i 100—fo ld  to 300—fo ld
of th ’-i r - or i g inal thicknesses , f’orming Insulating, cellular
s ’  m a c t a r ’ - s that afford ç rot”ction to t h t -  s u b n t - n - r t e .  R e d u c t i o n s
of’ :;moke forma t , I- and of flame pr op agation have been  attained
w it h Intum es c--n t e a t i n g : ; . In the present work , the effectiveness
of this approach with the Fl~R PVC compositions was Invest igated.

lanth t y p e s of inLuc ~enceri t coat i ngs (IC—i and IC— 2) used in the
i rt-se rni. wo n- k with the base polyme r reduced  smoke f o r m a t i o n  fr om
this compo sition , in terms of ’ its m axImum optical density, by
approxImately 20% (sec Table IX in the Appendix). However, when
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these and other’ coatings (ICi—3 and IC— 14 ) were apr lIed onto the
fire— and smoke—ra-tardant compositions i-’SP—l and FSP—2 , their
effe o~is on smoke form- n t ion varied (see Figures 6 rm rr d 7).

~one of the coat irn gs caused a reducti or; of’ sm o ke format lort from
the FI’P -ompositIori s. With these cr c—mon itio ns , of’ lower smoke
f o r m a t i o n  p r o p e n s i t y  th an the base polymer , t h e  so a t i n i g n  c o n —
‘ r lb u t e d  smoke In r e l ar . i o n s h i p  to ¶ -he lr own p r o p e n s i t y  fo r  smoke
f’or m a ’ I o n  (see F igu re  8) .

Po St n—er f ’ormance was exhibited by s m o k e — :- e t a r - -o - m nt  compos i t ions
coated with the alkyd—based ~nt- umescent paint , ~o. 110 by C. M.A t h e y  Paint Company , designated as IC—l . It causc-d a i ractically
insisnificant I- ncr-ease of the smoke optical denr~ ty with the FSP
c o m p o sit  1 : - r n .

The epoxy— and latex—based intumescent paints caused a 90% in-
crease and a 60% Increase of maximum smoke optical density,
respectively, when applied onto the FSP corns- sitions. However ,
I t  shou ld  also be noted  t h a t  the maximum smoke o p t i c a l  d e n s i t i e s
rle’-’eloped from the smoke—retardant composit ions , coated with the
lat’ -: r’ two paints , are on the average still 214% lowe r’ than the
value for the reference polymer sample of Idernei cal thickness
(1/16 I n . ) .

The mastic coating (IC—3), applied in a gre-ater thickness than
the I n t u m e s c e n i t i-a i ni ts , c o n t r i b u t -d more to sm oke thorn did the
l a t t e r .  Th i s  is very  e v i d e n t  fr-crc sm oke optical densitr data
obtained on coatings alone , applied onto alum-n m u m  f’s-il suror:c- r’ts
(see Figure 8).

It W O S  found that the rates of smoke formation were gen~ r- - m l l y
reduced by the Intumescent coatings.

The above results indicate the need for intumescent coatings of’
very low propensit y for smoke formation , to utIlize fully the
effectiveness of smoke—retardant additives incorporat .o-d Into the
PVC compositions.

3.1.3 FormatIon of Gaseous Combustion Products

The potential hazards resulting from the evolution of gaseous
combustion products cannot be expressed well only by their con-
centrations at a few specific points in time . It is more useful
to have data regarding the evolution of the different major
combustion products during the progression of the exposure (Ref.
11). Such information wa~ recorded with the experimental compo—
sitions prepared I n  this program . However , because of financial
constraints , some of the  analog output data of the analyzers were
not digitized nor converted into uniform graphical format .

Some analysis results for the combustion products formed from PVC
compositions are shown graphically in Figures 32 through 55 in
the Appendix. These include data for the following compositions:
BP , FSP—1 , FSP—2 , BP— IC— l, BP— IC— 2, FSP— 1—TC— l , FSP— l— IC—2 ,
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y i s u m ’ 8. M a x l m r n u r :  Smoke Optical Densit ie s Generated from Intu—
mescent, Coatings , Applied Onto A lumi num ‘Fo il

FSi— ~ — IC— l , FSP—2— IC— 2. Also Included are da t a ~‘cn’ intume ncent
c o a tIn g s  on the aluminum substrate. The d i g i m  lz- -d computer
printou ts of the c nt untion i roducts concentrat i ons for th’-
ab ove—c t,ed compos ti ns , expresse I as funct . I c-no of tIme , are
also included I n n the Appendix.

Tables X thro ugh XV in thf’ Appendix con t a in  -
i summary of the

gaseous combust ion pm ’s- lu st s da t a , I n c l u d i n g  t i n 0 -  m a x i m u m  c o n c e n —
t rot  - )n5.

~. . ~~~i ;aseous  °~ mbus t  ion P r o d u c t s  f rom I S P  Compos i t ions

Carbon m~-r n o x Ide  f o r m a t i o n :  was d e t e c t e d  on ly  ai ’ er cha r r ing  of
t~ e samples  h m~d com menced. We have observed e a r l i e r -  ( R e f .  17)
t hat  carbon m n o r n o o x  ~de I s  f orme d [ o r - i r m i r l l y  by t i n e  : l o t i o n  of the
carbonac ’  eu-s ~ h a r - s .

The carbon monox id e  c o n c e n t r a t i o n s  w h igher  in experiments
c o n du c t e d  w i t h  tb ’  FSI c o m p o s i t i o n s than in those conduc t ed  under
I d e n t i c a l  c o r i l i t l o ons with the base polyme r (see Figure 9). The
enhan c e r , n t ., c f  carbon m o n o x i d e  fo r m a t i o n  from the  FI-~P o — e m p o o o i t i o n s
- r o u i d  a r i se  from I n c re a se d  cha r  f o r m a t i o n  from t h e s e  compositions.
Fur thermr : r’e , t b -  I n c o r ’r ora t ed t r r n r n s l l  i on  m e t a l s  may a lso  ca t .a ly so
the oxidat . Ion of tie ch ar ’  t o  carbo n m o n o x i d e .
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Carbon dioxide concentration increased progressively during the
entire 30—minute duration of’ the experiments. In experiments
conducted under flame exposure conditions , a signIfIcant frac—
t i o n  of the total carbon dioxide was formed by the propane flame .

The rate data indicate that the evoluti on of HC1 , nitrogen oxides
(1~~x), 

and hydrocarbons occurs to a large extent during the first
five minutes of the exposure (see Figures 314 through 35 in the
Appendix). The c oncentrations of HC1 and NO~ were generally
found to diminish in the gas phase during the second half of the
experiments , presumably because of condensation on the chamber
walls and reactions with organic polyme r degradation products.
The concentrations of NOx were very low.

The comnoentrat lons of NO x, HC1 and hydrocarbons formed from the
FSP compositions were generally lower than those observed in
experiments with the base polymer under identical conditions
(see Figures 34 through 36 in the Appendix and Table III in this
section).

Table III

SUMMARY OF CO, NOx~ AND HC1 CONCENTRATION DATA

DURING TESTS WITH BP, FSP-1 AND FSP-2

Gas Conc entration ( porn ) Time to Maximum
Gas Concentration

Gaseous Flame Exposure NornN-amm:c- Exposure (mm )
Combus t ion 10 20 Max. 10 20 Max. Flame Nonflamne
Product Material mm mm Conc mm sin Conc Exposure Exposure

CO BP 810 1450 1900 120 310 570 30 30
Co FSP-l 1190 1850 2200 170 960 1350 30 30
CO FSP-2 1030 1700 2100 220 700 850 30 30

NO~ B? 12.6 9.4 18.7 2.9 2.2 4.6 5 4
NOx FSP~l 2.5 2.8 3.3 1.5 1.4 1.8 30 5
NO~ FSP-2 5.9 5.3 7.7 1.5 1.4 1.6 5 4

5 15 30 5 15 30
mm mm mm main mm mm

HC1 B? 2100 2400 1050 1900 2600 2200

HC1 FSP-l 1900 2200 1500 1650 2400 2100

MCi FSP-2 1350 900 490 1500 2300 1900

_ _ _ _ _  
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The -~volu - n i of 71 d i n i n g  the early expcsur~ of’ samples t , -~ he
r a d l a n m  e m ’  rgy s-on,rce an-I flame s i s -  r e l a t r - o I  to t he  f i r s t  s tage
0 1’ he  resin d e g r ’ -  lot - rn  process (see Fl guro 9) at temperatures
t o low 350°C. The r a [ - i  I c o o n i c o r c i t  cit evolution 0 0 h y dr o c a r b o n s  i s
a t t r ’ I b u t  cc to ~-- n- ma 1 ie~~r o o n - t i o ’ci of the p l a s t i c i z e r , w h i c h  pre—
sum -a b l y  pr ’ m i s -s 1 en r d t : - c e ne  as the  rna 7or  v o l a t i l e  o r g a n i c  s p ec i e s .
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F i g u r e  9 .  M a x I m u m  CO C o n c e n t r a t i o n s  ~ien e r at e d  From B? and Fr om
the FSP Compositions

~~~1. 3 . 2  Gas’~ous C o m b u st i o n  i r ’oduc t s  From Coa~~o - o 1 S-r ~~~ es
and From the Coatii~~~

The intumesc ent c o at i ng s  r educed  s i g n i f i c a n t l y  the  f o r m a t i o n  of
cart -em -n monox irl o under nonflame exi osure conditions (see Tat le
Xl I r n  the Ap~ e r n d i x  and Fig oir ’s 10 t r n m ’ o u g h  13) .  Th I s  e f f e c t ,  was
especially noticeable with the FSP—1 compos ition.
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Ft ~~’ m i x i m o n m o :  coro ’ ;n , t r a ’ i o n s  0! o ’ .am ’ l Ofl m o n o x l - l -  f o r m - - I  un ’i.-r f l a m e
o - x 1 o s-nm- o c r i  u t ’! e n s  1 , 0 - ! ’ - n o ’ c n o , n i i y  a f f e c t - i  l - y  ~ t o ~ - c n a t l n n g s

t hey h a l  ? ‘ - o  am l i e - I  o n t o  l /lc—1 n.~~t h I c k  ecimno ns. I~
sh - °u l - i t o ’  mi- --t - - n  t h a ’  r n n i  fi can t - c oo - i -on mon o x ide concentrat i on : ;

- ;- o - m e  c- i  o -  n m - n  i c r  I I a m oo -’ c x i  os n o ’  c - - n - I  i n , i - m s  f r  - mm: 0 1 1 0 ~~ I n o t u—
:‘ : -sc~ -n t  coo ’ ngs us ’-d i t t  h i s  won-I- : ( S o  F Igu r e  1 1 4 ) .  The f o r m a t i o n n
of  c a n - n -  on :‘ - r : o x l  I- f n ’ - ° - - . th --oe coating:; I: a’ r bau -d to the ox i—

- n o t  rn o f  th e 1: 1 1  l o l l ,’ 1’ - -  i ’ m o ’ i I  c a r ’ l , o n n a c e o n n s  d o n - s  i n  t h (  f ’l amro ’-

The lat ex—ba: °ed int Amm . s -:L-n . t p a in t ,  and the man -’ I c  w e r e  al so  - a n - :  l i ed
o n t o  1 /n —In . — ’ m i d - :  r a m : o ~ ls of ’  F I T — i  - t n - i  f l f l P — 2 .  f l i o - ’j -a-re f o u r - I  to
r- i - n c’ C ( ° f o r m a t , i o n  f m - c m  t h o s e  t h i c k  b and s i - c c  i , - . o - n s m a t  o n ly u n n - i - r
n on  I ’l - tmm- - expos :m-e bu m . also u n d er  f~~am’ , o - ex p o s u r ’  c or n - .l I ions  ( see
F i , n m ’ ’s 13 an d  1 4 ) ;  1 I n c  ave rage  r e d u c t , i - -n w i  tI: t t n r-s o - sam-topics was
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Thr- C a m - s t a t i o n  c - o t t - - 0 I i ” x i d e  l i -o n  t he  F f 1  c o n t o r t  it i oo n : o  was
r - e t~~r ’th-oI by all I r t  u ! ’ o o - n 5 o o r o t  coati ng s under t l n ~ nonflame exposure
co n i d i t i a n n  (So’ ‘ 1- L i e  X I I  i n  t h e  A p p  o - n , i l x ) .  The red on n t ion of CO
and 1( 2 f or m a t  join Is an m d i  ‘at l o o t n  of the  e f t ” - c l .  1 y en -o s  of l i t i  u—
mm e s c e n t  coa ’- l n c - o f o r ’  n o - c o l ic log 1-hr oxidation of t he  PVC composi—

l o r i s .

All Inn tu r r. -sc -n n ’ coat Ings Increased the I-I - -~ c i t e n t -  i n  the t -s-
ch o r r n b o - r  a t r t - o s p h - r ’ o -  un d e r  hot 1 t y p o - s  of e x ! o o o s u r e  c o n di  t~ i n s  how-
ever , t i n y o l e l a y e m i  ‘h e  t ~t~’- S  w h o - n  t b  m n o i x i n : I n m  concent -ration is wo re
r’~-ach, l ( s o - c  Tmi t o l e  X I I I  I n  t I n -  A p I o o ’ r n i Ix  a n d  I i  T u m’ es 15 and l(~ I rn
t his sect i on). The a l k y d — h - - i s ’ -d coatin g made t h e  smallest con—
tr but i on ¶ - - t h e  m l ’  r ’ go ’n  o i-Ic: ; in the ias o ’o nnm; do I’~n ’ o o l m n t i  ri
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Ficur os 17. l ’lo x in oAno NO~1 Concentrations G e n e i ’ a t n - I  from Intumescen~
Cr - a t  1

Most intumr ’sco :-rnt coating s r educed  the  r a t es  of h y d r o g e n  c h l o r i d e
,v elut ion and the t o o x i m u m m n  concentratl°ns developed during sample
ex~ osures (see Table XIV in the Appendix and Fir-crc 18 i n  t h i s
section). The coatings wes’:- especially effect iv ’ in r e d u c i n s ’  HC 1
t” orrmoOi t Ion from th ick samples (see T1’ I gure  19). f,m-onarently , by
retarding the rate of sample de eI~ t iOn , they cause the released
HC1 to have a io r mn ’-r residence t i m e  in t he  p o H y n o - n -  matrix. There-
by, m o r e  t i m e  is a v a i l a b le fo r  r e a c t i o n  w I t h  ~~~n o  i n c o r p o r a t e d
m a g n e s i u m  carbonate.

Inturmn ’-scent coatirnn ’s caused a modest increase of’ hydrocarbons
evolution from t h e  thin (1/16—in .) FSP compositions under flame
exposuro:- conditions (see Table XV In the Appendix and Figure s 20
and 21 In this sec-Ion). Tho:- m - e : i s o r r  Is believed to be twofold.
F i r - s t . ,  h y d r o ca rb o nn ;  are generated f rom U n e s c o -  coatings upon exp -—
s: m n - ’ - to r a d i a n t  heat inn s ’ and to a flame (see Fl g u r o ’  22) . ‘e cn n d l y ,
the (oxidation of the volatile organic dr-gradatI on produc ts fr -mo m
the FSP compos itiorn u to CC :trni CO 2 is retarded by the coatings .
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(see Table  XV t t 1 e  ~‘mp~ - -‘ndix and i’igur r- s 23 and  214 in  t h i n -
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p, FLAME EXPOSURE NONFLAME EXPOSURE
ppmv
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F i r -u n ’ ’ 2~4 .  The E f f e c t  of I r i t u m e s c e n t  Coa’ in g s
on M a x i m u m  Hy di r carborn s- C o m n oocon t ra—
t i - m s De ve loped  f r n: 1/14—in. —Thlck
1 - n i t o l c o ’ s of 1”~ P—2

~.1. i Flame Propagation

Ve rtically downward flame propagat ion rates for samples exposed

to irr ad Iative heat ing were measured by the ASTM Standard Test

E ~(:-°— 7 6 .  The o I a t . a  are summarized in Table IV , and t he  results
f a r  the individual tests are preserted in Table XVI in the  App -nd lx.

The no r -a r m  d i s t a n c e s  of flame propagation for the different c o r n p o o S i —

t i on s , as f u n d , l o r i s  of t i m e , ar e  p resented  ~n F i gu r e s  25 and 26.

A c c o r d i n g  to this t e s t  ( R e f . 1 5) ,  t ,h ”  f l ame sp r - rid inde x , In - , of ’
a or— c c mo n - n Is -X l .oreSs~ -oi as t h e  p r o d u c t  of the  fl ame  spread  f a c t o r ’ ,

an d  t he  t n - - c ’. evo l o i t  ion  f r n o : t o r , Q.

Is = F5Q

The f’~ -ame spread t” nc t~:o n ’ is defined in terms of the t i m - c o ’ s  in  m m —
mi tes (t 3 , t 15 ) that, tr ar i s pI n -c- from the initial spe cimen expo—
s u n ” -  u nn ti 1. tine arrival of t he  f l a m e  fr o n t  at t h e  p o s i t i o n  3 
15 In. f r - a t t n  tb ’: I gril t oo l sample edge .

F5 = 1 + + 
t~~~t 3 

+ + 
~~1~~_ t ~~ 

+
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Ta b l e  IV

FLAME PR OF A~ATI ON MEA SUREMENT RESULTS

S S
M a t e r i a l  (mIn ’) (Btu x m1n 2)

BP 2 .7~ 0.2 9.6±14 .6

FSP— 1— IC— 1 5.2±1.1 11.14+2.3

FSP— 1— IC— 7 9.6±1.0 2l.6~ 8.9

F S P — 1 — I C — 3  22 .0±19.14 92.6±78.2

FSP—1—IC— 14 5.7±0 .1 12.5±0.2

FSF— 2—IC— l 14.1±0 .9 32.2±20.1

FSP—2— IC—2 6.5±1.8 33.2±7.1

FSP—2— IC— 3 8.9±1.3 51.14±2 .0

FSP— 2— IC— 14 3 .9±1 .3 15.7±7.2

~F1ame spre t -I factor , as defined in Ref. 15.

~Mean value and standard deviation for
duplicate or triplicate measurements.

~‘F1ame spread index , as defined in Ref. 15.

The heat evolution factor is defined In t e r ms  of ~T, the maxi m um:
stack temperature rise in degrees Fahrenheit with reference to
tha t observe d with an asbestos—cement board specimen , and the ex-
perimentally determined constant B :

Q = 0.1 4!

Physically, tin” constant B represents the maximum stack thermo-
couple rise in degrees Fahrenheit for unit heat Input rate (Btu/
m m )  of the calIbration b u m - m o o r .  The factor 0.1 in the above equa-
tion is an arbitrary c o n s t a r n t - .

I
314

TI 
_ _ _ _ _ _ _ _ _ _  - - -,_—~~ - - _ _ _ _ _ _ _ _



10 ———--- -

9 - FSP- 1- IC-4
77~~~~

8 -

- 
,ir:~j 1~

’
~

” “ FSP- l -IC- -l

I

I I I I

0 100 200 300 400 500 600 700 800 900
Time (sec )

-‘1 g~~t ’r - 25. i ’ l a r  - P r o m  ag a t l an i  h ,  P7- i — l  C o m p os i t  I o:ns

15

14 FSP -2

13 -

— 1 2
C

FSP 2 1C 4C
10 FSP-2- IC-1
9 -

0. FSP-2- IC-28 - FSP -2 - IC -2 a nd

~~ 
‘ 

FSP -2 - IC - 3

6 -

5 - FSP-2-IC-3 BP

4 -

2 -

0 I I I I I I

100 ~~ 3(X) *X) 500 600 700 800 900
Ti m. (sec)

1 - i  gure 71 - S  F i a s c o -  P n -o, ~ -ar-at I on  l iv  I - 7 - P — 2  Compos i  t I o o n n s

35



A n - indicated I i  Figures 25 and 26 , the FSP C-Tomi~ ositjons were f o u n d
to p ropagat e  f am ’ s to greater d i s t a n ce s  t h a n  ‘he re ference compo—
si I - n , BP. ‘i’ t O  I at  n i n a - s c e n t  coat . m r -s app l i ed  o n t o  t. h n- FSP—2 su r—
fac” m’eoi o~ced ‘he m ite and distance ef  f l a m e  p r o  p a r a t l o n .  H o w n - ’,rr ’ r ,
even t h e  coa t ed  s p e c i me n s  p ropaga ted  f l ames  t c -  a greater distance
than the ret --r - -nce compo sit I c -r n that did n o t  cc t a m  m a g n e s i u m
c a m - - t o m - m a t e  a n t  sm - k o ’—r et  a r ’d an t t r a n s i t i o n  m e t a l — c o n t a i n i n g  a d d i t i v e s .

The follow i no ~ggesti-~:°n is offer-ed as an E-xp lr t n ar I n n  f o r  the  en—
han  ‘ C o b  flame r o r - c l i ga t i on  characteristics of the F7P c~omp s1ti rs.
Because of’ the reaction of HC1 with magnesium :‘cr’banate in the
p o lymer  r a t  r i  x , ‘ he c o n c e n t r a t i o n  of t h i n -  f l -a r r o e — i n h i L - i t 1r ~g spec i e s
is reduce In the v a p o r ’  pha .~e. There f o r E - , the çoyroly~ ate formed
f r--r n tne P~’P L’- - r j  o n - i f  ions Is more f1—r mnr .able than the p y r o l y n - a t e
f’ i-me l fr -  - no  he re fe r en ce c o m p o s it  -i c-n.  C o n s eq u e n t  ly ,  t h e  F7-P
r yro1:~’zate prco~ aga~es flame s more readily (i.e., at lower tempera~turro n- , and ~ ith gr-°’ater dilution by air) than the pyrolysate
forme d f’r-- -m the re feren ce c om p o s i t i o n  u n d e r  i d e n ti  cal  t e s t  c o n d i—
t ions.

The f o l l ° - w i n c  a d d i t i- -n -a l ob s e r v a t i o n s  r e g a r din ~r f lam e propagation
measurement results ar e of in t e re s t :

• 7-ubs”quer c to the initial heating, most specimens
ro~ - t r a t e d  f lame s at a rap id  r a t e  from-n the 6 i n .

t.o the ‘— ‘ n. ~istance from t he  po in t  at w h i c h  t i n e
samples  w ’-re  ignited. Thereafter , the rat es of
f l a me  p ropaga t ion  became s i g n i f i c a nt l y  s l o w e r .

• L a n ’ -  - - I the s am - mo;  lco- s p r o p a g a t e d  f l a o e s  t he  -on ’~ ire
length (18 In.).

• The flame spread factors (F5) of the :int Am ’-n - cent—
coated copper—containin g FSP 7 ccompOsi t.i at nS were
lower than those of the respective Iron—containing
compositions .

The coomposit ooros f-or which we sought to provide prote ction with
Intumescent coa t ir i gm; are already fire—resistant because of the
mariner n which the chlorine and phosphorus are contained. Some
reduction of the flame propagation rate was attained with the
four Int urm en - ce n t coat Ings that were evaluated; however , more
effective protecti on would be desirable.

Two approaches t o  the at tainment of that goal merit evaluation.
First , the intumescent coatings should be tested in thicknesses
greater than ttno se which have been found useful for the relatively
more flammable wood substrates. Secondly, when needed for added
protection of fire—resistant materials , the Intumeseent cr~at  I n — n - -
should contain higher than the normally used concen t rat l-ns of
t he  fire—retardant im o- -d i en t s .
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3.1.5 Tensile Strength and  E l o n g a t i o n

The results of t-o’nsile s t r e n g t h  and elongation mr oasurements are
summar i zed in Table V. The mo-a rm v a l u , o o— and th” standard devia-
tions are hasei on five oleterminat ns with each composition .

Tab i ‘ - V

T E N 7 I L E ;  7 - T R E N O T H  AND E L O N ( A T I O I I  DATA

FOR SOME PVC COMPOSITIONS

‘t’I e l d  U l t . :mat- e Elonnia’ i r n
$ t r e r n g t  h Streno’ h ~~t. F a i l u r e

M a L e m - - i a l  ( ;  - i )  ~J - 3 i ;  ( % )
BP —— 3r ,60+22o 221 o~~~O
FSP—l 2930±70 ~l~~fl±l00 210±30
FLP—2 2930 -’lOO 27fl0 ±14 0 87±50

The base composition did not exhibit a yield po int ; t-he samples
s t r e t c h e d un t il , u l t im a t e l y ,  rupture occurred.

The ult imate tensile strenn - ths of the FSP—l and FSP—2 c-cmpositions
were 11% and 23%, respectively, lower than the value for the base
polymer .

Whe reas the value for elongat ion at failure for the FSP—l composi-
tion was nearly ident ical with that for the base polymer , the
samples of FSP-2 ruptured at lower elongat ion .

3.1.6 Electr ical Properties

V o l u m e  r e s i s t iv i t y ,  dielectr Ic constant and diss ipat i on f a c t o r
mnc-asurements were conducted with the base polyme r and with the
two F7-P compositions without intumescent . coatings. The follow—
1 m g  results were obtained:

Tab le ‘vi

ELECTRICAL P R O P E R T I E S

Volume
Re sin -tiv It~’ Dielectric Dlssipatl o~

Material (ohm—cm x l0~~ ) Constant Factor

BP 1o8 14 .05 0.079
FSP— 1 114 14~ 1414 0.059
FSP—2 12 14 .05 0.056
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3 .2  EXPERIMENTAL NE OP REN E FOAM COM b 7 - ’  T T O L .

3.2 .1 :-‘L ormat inn of 7-moke

Fem- ric amo d cu ;r i c acety iac’-’tonates had been f’o a n - d  ~.o be ef fco- ct ive
n-mch-:e— r e t  ardar t. a - m d i  t yes a it .h the e x p e r i m e nt  al PVC comp osi t ions
i n  t h e  resent work. ri t riO basis of thes - results , ti ne smoke—
retardant effect I ‘:eness of t hese  additives was also evaluated with
t b -  neopren - base formom lation (BF) selected for the program .

A - i d l t l o n a l l y ,  P h - - n - — C h ” k  P/30 fire retardant tI.e., poly(ammonium
ph 4 srhate)] was i n c o r p o r a t e d  as a f I r e— r e t a r d a n t  a d d i  t io ’e and as
a sourc’~ of ph sphate f a n  g l a s s  fo rmak  ion d u r i ng  coxpo n--ure to in-
tense heat fluxes. Tb’ lat ter adilti ve caused coalescence of the
neoprene foam prior to curing. To irevent foam coalescence , a
j rocedure wa n - dev Lio f-L -d for encapsulat ing t he  phosphate salt in
a coa t i n r - of n - n m ” l a l l y  h y d r o l y z e d  e t h y l e n e — v i n y l a c e ta t e  p o l l / m a r .

Ferric acetylacet onate by itself arid in combination with Phos—
Ch °k P/30 reduced the sm-rake -- rt’ical density s - - n e - r a t e d  - f r o m  the
me - -~~ r o e  f’~-am bas e  f o rm u l a t i o n  ( B P )  u n de r  f l a m e  exposu re - condi-
t i o n s  by a;-proximately 10%. Under rnnnn fl rn rn e exposure co n d i t i o n s ,

t i e  sn a k e  o p t i c a l  d e n s i t y  was s l igh t l y  inc reased  hIz t h e  I n c o r p o r —
a i d  additlves. The r - sults of Smok e- optical lensity measure—
~ - - r m t n -  wi r h the neop- r- ’ n i ’ - compositions are presented in Figure 27
and In- Table ~‘II.

~ t Is ~r o - rot  f r - - a  t~~,~ n-n ri-suits that mor€~ ef’fer’t~~ve crossl ink—
~~

- ‘ catal: .’sts for t he  thermal oh -gradation stage are needed than
t h o -  I ron ace ’ y a o o o - t o m n t i t c- used in the present w ’-rk. These catalysts
car ~n m i i - t  c a - m n - c  - i - - ’-r -ad at  ion of the polymer under curing and use condi—
Ion~-:.

3.2.2 -
~~~ rn -at. lam , of 3aseous Combustion P r o d u c ts

Tb’- r’ :- 11 ‘-s of gaseous combust t a r  p r o d u c t s  m e a s u r - -: n ’me n t s  are
s i r  an 1 z ~- J i n T at  i e  V T T I  a m - n d  presented graphically in Fisures 28
t b :  ugh  ~1 In t hco- Appen -bl x. The foll owing ar” n otc~worthy findings
pe r-tai n in ~ ~o ‘hen- ’ measurements.

Ferr ic ace~ ’ilacetonate a lone  i n c r e a m o o - d  c a r P - n monoxide f’or ’r a Y -n

fr r nen; rene P -am under the conditions of ’ m i - ~- fl “1 — me exposure by

~~~~ H - -wever , when t h i s  char formation Cat alys’ precu r so r was
use-i . - - o-  ‘her with Pln c m ;— q fn p k P/30 in FSF—~~, the catalyt i c e f f - c t
‘~~r 70 f’o- -r -mn -ttion was destroyed. Ferric acetylacetoriate had no
a l’i” r’ ’e effect on :10 for’rmn;ction u n d er flame exposure cendit ions.

“o t t  ( N  d ioxide  fo rma t ion  was slightly enhanced by the incorporated
a u - : i t ~~ves under both f l a m e  and nonflame exposure co n d i r i o -n r .

The formatIon o f ’  h~~dr o c m n r b o n s  was r e - iu c e d  by  ~145% by the incor—
porated addi t~i vo ’s  in tests conducted under f lane exposure condi—
t 1 o 1n s.
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Table V II
0

SMOKE OPI  I SA l ,  DENSITY RFI [’- U i T 7  5~~j f~~’(

F’OR NEOPRENE 1 -L 0 
~~~~~~ 

I~ I~

Smoke Optical Sen a -
________________________________ - in t o ti Moxirm ur.

Flame Exposure Nonfi r o - __Ex ;eotour ’e 7-PD —

10 20 10 20 Flame Nonfi-~rm. e
?v~t t  e r imi ’ mini r : , i r .  Max m o m . mom m l n 1° ximum: Expo sure Exposure

BF 560 510 560 40( 1 4 ,4 -  490 9 9

-coo -~oc 500 500 400 510 12 12

FSF—2~- 530 470 530 4~~O 1.40 480 12 11

FSF-~~ 500 1~-° 510 520 ,~~,
O ) 530 13 12

~Measurementn - c n d u c o - d  w i t h  3 in. x 3 in. x 1 in .. (7.0 o mmr x 7.~ - - mm-, x 2.5 on . )
sr-ec lro-n,: ; in ver ’ical or ie rn ’a t  ic - ro . i rnpc sed energy flax in the center -f the

16.4 watts/sq. i m ~. (2.5 w a t t o / o rr 2 ). Foa rm - -her s  i t:0’ 7.0± .7 lb/ft~

~~ontained 5 phr P o r n - i c  nt- - e t l , ’la~ e~ on o i t e .

~ Sc,nt’n Ire 1 10 phr enca’1 -n -nil a ‘ ed F °h - I s_ C l i ck  P/3 0.

~-Contained 5 phr fern -c a-c e ’y lmno et --nate and 10 ~hr e n cnor -: il - l t e d  Phos-Chek P/30.

Small a m o u n ts  of hydrogen c y a n i d e  wer  forme d f r o m  the n o - c o p r e n e
f ~am composi’ ions used in t h i s  work . r~p r  I n c or p o r a t e d  po ly—
methylene poly rohen :,’l i s o c y a n a t e  may hav e be n he ma) or  source of
this degradation product. It is noteworthy t h a t  i’rrr’ic acetyl—
acetonate , in the absence of Phos—Chek P/30 , i’ -- c b 4 - -d the forma-
tion of hydroge n cyan ide  w i t h o u t  a c o n c c - r o i t - a r i t  i n c r ease  of
nitroge n oxides.
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Table VIII

SUPAIARY OF 00, C02. NOx, HC1, HCN AND HYDROCARBONS CONCENTRATION DATA
DURING TESTS WITH NEOPRE NE FOAM COMPOSITIONS

ConcentratIon~— Time to Ma ximum
Concentration

Gaseous Flame Exposure Nonf lame Expo sur e ( m m )
Combustion 10 20 10 20 Flame P-~nf lame

Product thterial mm mm Maximum mm sin Maximum Exposure Ex f es I : r e

CO BF 1050 2000 2600 490 1400 2100 30 30
CO FSF-l 1200 2100 2700 900 2000 2900 30 30
CO FSF-2 900 1800 2300 550 1600 2200 30 30
CO FSF-3 930 1800 2300 680 1650 2100 30 30

CO2 BF 0.56 1.15 1.89 0.22 0.58 1.00 30 30
CO2 FSF-1 0.80 1.65 2.43 0.42 1.02 1.61 30
CO 2 FSF-2 0. 63 1.34 2 .03 0.25 0.69 1.15 30 30
CO2 FSF-3 0.68 1.44 2.16 0.3° 0.94 1.37 30 30

BF 12 19 25 1.8 3.6 5.4 30 30
FSF-1 11 18 23 2.2 3.7 5. 3  30 30

NO~ F5F2 14 23 30 3.~ 6 .4 8.7 27 30
NOx FSF-3 14 23 30 3. t 7,7 10.1 30 30

Hydrocarbons BF 3700 5600 6600 2800 3200 3300 30 30
Hydrocarbons FSF— 1 3300 3800 ~9OC ~t40C - -- 3700 3800 20 17
Hydroca rbons FSF-2 2200 2800 2900 2000 2700 2700 27 21
Hydrocarbons FSF-3 2600 3500 3800 2300 .:70-( 2700 27 21

5 15 30 5 15 30
sin sin sin sin mm s i n

HC1 BF 930 2100 1550 1100 2100 1950
HC1 FSF-1 1050 2300 1550 1100 2000 1500
HC1 FSF- 

2 1500 1600 1550 1150 2300 n-300
HC1 FSF-3 950 2000 4 50 800 1650 1600

H CN~ BF 3.3 16.8 31.8
HCN FSF—l 1.5 1.7 9.1 1.8 2.3 5.9
HCN FSF-2 3.2 8.4 36.8 4. 6 16.6 40.2
HCN FSF-3 4.6 37.6 61.3 2.2 36.9 5R .6

~-The .~oncentratIons of CO , N0~, HC1, HCN and hydrocarbons are reported in ppmv .
The concentrations of’ CO2 are cxpressed In volume percent.

~The hydrogen cyanide was f’ormed from nitrogen-containing components , including
th e  polyiaocyanate, mr the neoprene rubber ~ - s n i j o o e o I t i o n s .
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1° is rec co na m er .  n d  t b - a t f l  r e  perform ance obl eet ~ ‘-‘o~-s , In t -rr -. of
sr c c l f ’i c  t e s t  r e s -~ 1t s , be en - ’ a O l  i sheo i  f o r  0-” and n e op r e n e  C~ -v o—
s i t  i o n s  m n - e d  a b o a :-d  sh I n .  These can P t -  based on pas t fire - a e c i —
2- nt history , cn a y s i s  of p o t e n ti a l l y  hazardous sit,uations , 1ar~~ —
n-sale tes res-Jtn - , and he avallab l i l t . ’ of f i r e  p r e v e n t  i o n  and
extini ’ulshi np t o e - a n n - .  7 - u n - h  object I yes will e-on st itute sped fic
~oals for m ater la s dev t-lorm ent programs ; theS/ will also serve
as gu delines in -in na iv zlrr the trade—off o~ tions available thr agh
t he  se l e c t i o n  of ’  n~~r -d i e n t s  and t hr ough special treatmn o-nts .

~.2 P21 ’- ’VTNYL CHLORIDE COMrOS1TIrP~~

J~~~ For applications In wh i ch the polyme r cannir : t be coated w i th
an int am e-s o eo t paint , ‘She composit ion cont~a1r.inr corlper (II)
acetylace tonoote is recommended on the technical basis. How-
ever , it is — Llso sur’gested that the envhronmental in-s-act and
the cost be nalyzed for the t~WO PVC com insitions conta~ nin~the sm -oko- —retarda rnt ai ditives.

[This rec- -r : r:. -rnda t i: on is b a se d  on the a-b-n - - -roo d sii~n~ fi cant
re-1o~ct i °~-m ~ - o f ’  smoke for-motion with ¶ r o r : ( I I I )  -and o ( r n c r ( I I )
aco ’y I-acetonates , the copper—con tainfro’ add it iv e bein r m er- ~
ef ff- ct ive. Also , less car-t ori mon ’-xide is , enerated fr- :- m the
co; p e r — c o r r t a i n  1 n t - PVC c- rio-os i tion und~or non ?1~~me exposurec o n d i t i- n i t ;  ,ndo-r flame exposure cond iti r:s , the cornpos i—
t i o n s  F2F— l and FSP—2 perf’o~ r oo ve ry  s im I l a r l y  w~ th regard toCO foj ~~~~ m - 0 t ion .  3

2. For applIcations rO wh i-~h coat ed PVC can be used , the al kvd—
based I n t u m e s oc e n t  c o a t i n o ~ (IC— i) is recommended above others
tested in ‘h is ron-Hi ram for tnter lor ai :plicayons. For  ex—
teriro r apr-lications , the er : x:-;—based coatino (IC—2) is

- c ommended .

3. Additi onisH experimental won - k is suggested with the two
recommended m t -u s - e n - c e n t  coatirwis to determine optirar : thick—
nesses arid optimum concentrations of the ormonium phosphate
type fire r”-tardants/blow ing agent s In these c o m p o s i t i o n s .
(Flame i r- io i - L0no ti on rne-—oo oan ’ements Indicated that the f ir e - -
r e t a r d a n t  con: orentr n ttions of the commercially available in—
tumescent coat.ln ~ n- are not suf’~Ici:- nt ly h in - ’h for t h - .-
I nherently somewhat fl r c -r- L- tardant PVC compositions.)

4 . The o j I t l r r o i z e d  PVC materials sh ould then be prepared In
larger q u a n i t  i ties in order 0 0 del e i’n t i l n o -  their performances
In use conifigura ’ I o n s , In 1o -tr~ e—sca 1e acc tde n t— slr:ulat ive •

test s.

- 
-- —~ _ -
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4 . 3  NEOPRENE COMPOSITIONS

1. I t  Is recomo’-nded t hat cand i date cn- o ssl ink ing catalysts be
f-v al ua te d toy Ph r-r ogravim e-tr i c analysis. Tr i - so r po r -a t i o n  of
he candidate ma t -o -ia l s Into m ld’-d ne o l-ro -n e composit I ens

w i l l  - x r o n ~d i t e  h o  n-cr~o enin ~ p ro cess .

2. C-arid idat -~ f i r e - —  an s m o k e — r e t - o r W a n o t  f l e - o  1 r ’ ~~ne -  f o r ms  s h oa l  d
I - - - 

~~~
:- ‘ ‘ are-I only wi t - h t broso- addit Ive s t h a t exhibit sign i f’I—

ran ’ - ‘h-a s’—enh anci no effects ir~ t h e  then’s - - - :r-avirnetric screen—
1 ror exr eri n- , nt - s
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Table IX

SU?v~vIARY OF SA~~ LE MASS DATA FOR PVC C0~~ 0SITI0NS

ThicI~~ess Average Sample Average Con~urnued Average Consumedof M-0ss (g)_ I S i S S  ( 7-~~_ l.t~ -s ‘ v~~. %iPlastic -
~~~~~~

—-

Sample Flame NonI’lame Flame Nonflarne Flame Nc-r0flame
Material ( i n . )  E cposur e Exposur e Exposure Exposure Exposur e Exposure

0.0625 10.1 10.0 8 .1 -- 80 — —

FSP-l 0.062’ 11.5 12.0 -- 7 .6  -- 63
FSP- 2 0.0625 10.9 12.1 8.2 —— 75 --

FSP-l 0.25 45.4 4( .4 23.5 22.2 52 48
FSP—2 0.25 35.0 33.0 21.4 15.6 61 47

BP—IC-l 0.0625 11.6 12.8 - —  7 .3 - —  57
PP-IC-2 0.0625 12.5 12.8 —— —— —— — —
FSP—l-IC-i 0.0625 17.6 17.0 -- 5 . 9  -- 35

FSP-1—IC—2 O . D 6;:~ 15.7 17.6 —— 7. 1 —— 41
FSP—1-IC—3 0.0625 29.6 26.1 13.4 9.2 45 35
FCP-1-I C—4 0.0625 21.3 18.7 10.6 7.4 50 40

FSP-2— IC-1 0.0625 13.2 15.4 6.6 f0.Q 50 39
FSP-2-IC—2 0.0621 17.0 16.0 7.5 7.4 45 46
FSP—2-IC-3 0.0625 28.9 24.2 12.9 °?.O 45 37
FSP-2-IC-4 0.0625 17.6 16.2 9. 7.2 52 44

FSP-1-IC-3 0.25 60.5 61.2 1 .1 16.0 32 26
FSP-1—IC—4 0.25 3 9 . 3  47.1 18.4 12.1 47 26

FSP—2-IC-3 0.25 47.8 51.0 23.7 14.3 50 28
FSP—2—IC—4 0.25 42.3 40.6 13.0 10.5 31 26

IC—i 9.1 9.2 -- -- -- --

I c - ; -  8.5 8.4 1.5 0.9 18 10
10— 3 28.4 31.2 8. -; .5  30 21
IC—4 13.3 1 3 . 3  2 . 3  2.1 1” 16

i-The measurements were conducted with  3 in. x 3 in .. (7.6 - -rn x 7.6 n - n : . )  samp l es
of —~if fe ren t  th ic~~iesses .

~ The chars formed from some ::l -O irnuenls coul d fl ’ be re co - ;r- r ed completel y .
Therefore, the data in the corusuined mass column are incomplete .
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Table X

SMOKE OPTICAL DATA SUMMARY FOR PVC COMPOSITION:

T i r o c- To
T h i c k  ess M a x i m u m  2~~oken M a x i m u m  Smoke O nt i c a l  D e n s i t y
Plastic 0~~t In -a l Density (mm )

Sample Flame ~c-nflame Flame N nflame
l Iat er i al  ( i n . )  

— 
Exposure Exposure j_~ s-~~- ~ -:j~~sure

BP 0.0625 510 320 ~4 10

F l I P — i  0 . 0 6 2 5  200 185 6 12
FSP—2 0.0625 165 155 5 8

FlIP—i 0.25 2140 260 17 22
F C P — 2  0.25 230 195 20 20

B P — I C — 1  0 . 0 6 2 5  1420 270 7 8
BF—I C—2 0.0625 390 230 12 13

FlIP— i—IC— i 0.0625 200 200 11 15
FlII°— 1— IC-- 2 0.0625 380 270 7 14-
FlIT — 1— IC— 3 0.0625 720 1490 7 I_i
?SP— i—IC— 11 0.0625 314 0 260 7 9
FlI - i— 2— I C— i 0.0625 250 180 6 12
F P—2—IC—2 0.0625 ~42 O 270 9 10
F i l — 2 — I C — ~ 0 . 0 6 2 5  4 8 0  500 7 8
FSF— 2— IC— 24 0.0625 310 2~ C) ‘7 0

FSP—1— IC—~ 0.29 ‘4 6-0 1470 8 114
FlIP — i—IC -- u 1 . 25  320 250 15 16

FSP—2— IC— 3 0.25 1490 1453 12 13
FSP—2—IC—’l 0.25 330 26 : 3 13 20

I C — i  100 79 30 30
IC—2 190 97 7 U
IC—3 ~4 3 0  330 10 In -
10— 14 1140 03 10 17
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r Table XI

3~) M M A R Y  OF M A X I M U M  CO CONCENTRATION DATA FOR PVC COMPOSITIONS

Time To
T k Maximum CO Max imum COMc ness Concentration Concentration

Plastic (ppm) (mini
Sample Flame Nonflame Flame Nonflame

Mater ial ( in . )  Ex po sur e Ex po sur e Ex posure Exposure
BP 0.0625 1900 570 30 30

F S F — 1  o .o 6 :~~ 2200 1350 30 30
FSP—2 0 .0625  2100 850 30 30

FSP—l 0 .2 5  ~48 O O 1900 30 30
FS P— 2 0 . 2 5  3300 2000 30 30

B P — I C — 1  0 .062 5  1850 230 30 30
B P — I C — 2  0 . 0 6 2 5  2000 181’ 30 30

F S P — l — I C — l  0 .062 5  2350 135 30 30
F C F — 1 — I C — 2  0 . 0 6 2 5  2050 210 30 30
F U P — 1— I C — 3  0 .062 5 lL iOO 210 30 30
F S P — l — I C - - 14 0 . 0 6 2 5  2000 180 30 30

F S P — 2 — I C — 1  0 .062 5  1600 235 30 30
F SP —2—IC -- 2 0 .0 6 2 5  1950 200 30 30
FSP— 2 — I C — 3  0 .062 5 2000 195 30 30
FSP~~2~ IC~~Z4 0 . 062 5  1800 190 30 30

F S P — 1 — I C — 3  0 . 2 5  1800 1150 30 30
FSP~~l~ IC~ Ll 0 . 2 5  3100 580 30 30

F. P — 2 — I C — 3  0 . 2 5  1250 290 30 30
FSP—2—IC— 14 0 . 2 5  1000 2~4 0 30 30

I C — i  1~4 O0 25 30 30
IC—2 520 20 30 30
I C — 3  1300 125 30 30
I C— ~4 610 50 30 30

8~
a
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Tabl e XII

SUMMARY OF MAXIMUM C02 CONCENTRATION DATA FOR PVC COMPOSITIONS

Time To
Thickness Maximum CO 2

Maximum CO 2 Concentration

Plastic Conc entration ( % )  (mm )

Sample Flame Nonflame Flame Nonflame
Material (in.) Exposure Exposure Exposure Exposure

BP 0.0625 1.78 0.12 30 30

FSP—1 0.0625 1.89 0.60 30 29
FSP—2 0.0625 2.16 0.50 30 29

FSP—l 0.25 2.70 0.89 30 30
FSP— 2 0.25 2.36 0.72 30 30

B P — I C — i  0.0625 2.16 0.03 30 30
BP— IC— 2 0.0625 1.68 0.04 30 30

FSP—l— IC— 1 0.0625 1.~40 0.16 30 30
FSP—1— IC—2 0.0625 1.77 0.22 30 30
FSP—1— IC—3 0.0625 2.26 0.24 30 30
FSP_1_ IC_Ll 0.0625 1.59 0.16 30 30

FSP—2— IC— 1 0.0625 2.32 0.20 30 30
FSP—2— IC— 2 0.0625 1.78 0.22 30 30
FSP— 2—IC— 3 0.0625 2.01 0.2~4 30 30
FSP—2—IC— 4 0.0625 1.78 0.15 30 30

FSP—l— IC— 3 0.25 1.97 0.55 30 30
FSP— 1—IC—14 0.25 1.58 0.35 30 30

FSP — 2—I C-- 3 0 .25  2 .06  0 .32  30 30
FSP—2— IC— 14 0.25 1.80 0.2~4 30 30

I C — i  1.05 0 . 03  30 30
IC—2 1.24 0.04 30 30
IC— 3 1.86 0.24 30 30
IC—~4 1.14 0.06 30 30
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Table XIII

SUMMARY OF MAXIMUM NO x CONCENTRATION DATA FOR PVC COMPOSITIONS

Time To

Thickness  Maximum NO~ Maximum NO x
Concentration Concentration

Plastic (ppm) (mm )

Samp le Flame Nonflame Flame Nonflame
Material (in.) Exposure Exposure Exposure Exposure

BP 0.0625 19 1 4 . 6  5 14

FSP—1 0.0625 3.3 1.8 30 5
FSP—2 0.0625 7 .7  1.6 5 14

FSP—1 0.25 5. 14 2.6 30 30
FSP—2 0.25 7. 8 2. 14 30 30

BP—IC—1 0.0625 40 12 30 30
BP— IC—2 0.0625 46 16 30 30

FSP—1—IC— l 0.0625 37 13 30 30
FSP—1—IC— 2 0.0625 54 16 30 30
FSP— 1—IC—3 0.0625 92 27 30 30
FSP—l— IC— 4 0.0625 56 20 30 30

FSP—2—IC—i 0.0625 31 9.1 30 30
FSP—2— IC—2 0.0625 60 16 30 30
F S P — 2 — I C — 3  0 .062 5  88 27 30 30
FSP—2—IC— 14 0.0625 56 18 30 30

FSP— 1—IC— 3 0.25 88 30 30 30
FSF-.1—IC— 14 0.25 37 18 30 30

FSP— 2—IC—3 0.25 96 324 30 30
FSP— 2— IC— 4 0.25 61 21 30 30

IC—i 21 6.0 30 30
IC—2 146 9 .5  30 30
IC—3 82 1414 30 30
ic— 24 53 32 30 30
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Table XIV

SUMMARY OF MAXIMUM HC1 CONCENTRATION DATA FOR PVC COMPOSITIONS

Time To
Thickness Maximum HC1 Maximum HC1

Concentration Concentration
Plastic (ppm) (mm )

Sample Flame Noriflame Flame Nonflame
Mater ia l  ( in . )  Exposure Exposure Exposure Exposure
BP 0.0625 22400 2600 15 15

FSP—l 0.0625 2200 21400 15 15
FSP—2 0.0625 1350 2300 5 15

FSP—i 0.25 7500 7800 30 30
FSP—2 0.25 7300 3600 30 30

BP— IC—l 0.0625 2100 1900 5 30
BP—IC—2 0.0625 2200 1850 15 30

FSP—l— IC— l 0.0625 1950 1300 15 30
FSP— 1—IC— 2 0.0625 1100 330 15 15
F S P — 1 —I C — 3 0.0625 1200 1600 15 15
FSP— l—IC— 14 0.0625 11400 2800 15 30

FSP—2 — IC— l 0 .062 5  1250 1600 5 30
F S P — 2 — I C — 2  0 .062 5  190 1000 15 15
FSP—2—IC— 3 0 .062 5  1100 1800 15 15
FSP—2—I C— 14 0 .062 5  2900 3200 15 15

FSP—l—IC— 3 0 . 2 5  1900 2000 15 30
FSP—l— IC— 4 0.25 24000 2900 30 30

FSP—2—IC— 3 0 .25  3700 3300 30 30
FSP—2—IC—4 0.25 3700 22400 30 30

IC— i —— — —  — —  — —

IC—2 < 6 3  <6 3  —— ——
IC — 3 580 530 30 15
IC— 24 1145 96 30 30
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Table XV

SUMMARY OF
MAXIMUM HYDROCARBONS CONCENTRATION DATA FOR PVC COMPOSITIONS

Maximum Time To Maximum

Thickness Hyd rocarb ons Hydrocar bons
Concentration Concentration

Plastic (ppm) (mm )
Sample Flame Nonflame Flame Nonflame

Material (in.) Exposure Exposure Exposure Exposure

0.0625 5200 3000 30 17

FSP—l 0.0625 3500 3500 30 13
FSP-2 0.0625 2800 2900 30 114

FSP—l 0.25 9600 7300 30 30
FSP—2 0.25 9100 6800 30 30

BP— IC—l 0.0625 24500 3000 224 19
BP— IC—2 0.0625 6700 3100 30 20

FSP—l— IC— 1 0.0625 7100 2500 30 22
FSP —1 —IC—2 0 .062 5  7600 3200 30 18
FSP— 1—I C— 3 0.0625 14300 3000 17 2 24
FSP~~l~.IC~ Ll 0 . 0 6 2 5  14900 2700 30 12

FSP—2— IC—1 0.0625 5000 3300 30 19
FSP— 2— IC— 2 0.0625 5000 31400 29 21
FSP—2— IC— 3 0.0625 14600 3200 20 22
FSP—2— IC— 4 0.0625 24000 2700 30 22

FSP—l—IC—3 0.25 5600 5300 30 30
FSP—l— IC—24 0.25 8800 3900 30 30

FSP—2— IC—3 0.25 7400 5500 27 30
FSP—2.-IC—14 0.25 8800 3900 30 30

IC—i 2600 62 30 29
IC— 2 830 360 25 20
IC—3 3100 22400 25 30
IC—lI 2000 1470 30 26
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Table XVI

EXPERIMENTAL FLAME PROPAGATION DATA FOR PVC COMPOSITIONS

a a a a bt 3~ t~ ~~~ t 12 t 15~ ~T—
Material (sec ) (see) (sec) (sec) (see) (~çJ
8? 38 861 18

32 866 8

FSP—2 34 21 28 153 664 18

FS P— 1— IC— l 514 145 58 74]. 8

53 18 101 720 8

FSP— 1—IC — 2 36 20 172 247 13
25 20 39 816 14
23 21 304 552 7

FSP— 1— IC— 3 83 1.5 45 770 14
41 4.1 81 314 4 429 22
42 27 257 5714 6

FSP—1—IC —4 60 21 78 738 8

43 25 61 771 9

FSP—2—I C— 1 62 42 197 50
98 17 786 26
46 54 43 757 10

FSP—2—IC—2 28 13 857 18
26 32 841 20

FSP—2— IC— 3 80 7.5 8i3 20

67 9.8 823 23

FSP—2—IC— U 72 29 68 730 16

83 115 87 614 13

!t 3. . . .t 15 represent time s in seconds from init ial
sample exposure until the arrival of the flame
front at the po sitions 3.. ..15 in. , respectively,
along the length of the specime n .

b
AT is the maximum temperature rise of the exhau st
gases , in °C , with reference to the exhaust temper-
ature measured with an asbestos—cement sample.
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T:t~~lr ~ .o. I i

COMBUSTION PRODUCTS FORMED FROM
BP UNDER FLAME EXPOSURE CONDITIONS

~A TL R I A L  PVC-PP
SAMPLE MA SS 10.67
IMPOSED IXPOSURE COND ITION FLAMING
FLUX ~6.4 W /SQ . IN. (2.5 W/CM2), VERTICAL
DfltNSIONS 3 IN. X 3 IN. X 0.0625 IN.

CONCENTRAT IONS

T!MF(MIN) OS C0 (PPMV ) C021%) NC I PPMV ) N OX( PPMV I 024%)

0. 0. 0. 0.00 0. 0.0 21.00
I. 28. 6. 0.06  163. 0.3 20.56
2. 167. 39, 0.23 10514. 0.7 20 ,le ’4
3. 288. 89, 0,28 191e7. 8.0 20.141
Ii . 370. 1514. 0,35 2777. 19,0 20.145
5. 1425. 2314. 0,142 3366. 23.14 20.31
6, 1463. 355. 0,51 3778. 23.1 20.21
7. ‘4614, ‘462. 0,59 14082. 21.2 20.214
8. 1448. 559. 0,614 ‘4313. 19.1 20.17
9. 1429. 655. 0,70 ‘4567. 17.14 20.20
10. 1407. 7146. 0.76 ‘4652. 13.1 20.17
11. 587. 831. 0,82 14897. 15.2 20.08
12. 569. 917. 0,87 50148. 114.14 20,10
13. 553. 1009. 0,~ 14 51814. 13.8 20.07
114. 538. 1093. 1,00 5290. 13, 14 20 .14 7
15. 525. 1175. 1.06 5388. 12.9 20.140
16. 512. 1259. 1.11 514148. 12.5 20.36
17. 302. 13146. 1.17 5501. 12.1 20.35
18. 291. 114214 . 1.23 5569. 11.9 20.27
19. 260. 1513. 1.29 5622. 11.7 20.27
20. 272. 15914. 1,35 5690. 11.5 20.16
21. 2614. 1670. 1.111 5796. 11.3 20.16
22. 257. 1744. 1.47 5924. 11.1 20.16
23. 2148. 1815. 1.55 60145. 10.9 20.12
214. 2141. 1886. 1.56 6188. 10.7 20.06
25. 2314. 1955. 162 6332. 10.5 20.15
26. 227. 20214. 1.68 6505. 10.14 20.06
27. 221. 20914. 1.7’ 66149. 10,14 20.00
28. 2114. 2163. 1,81 6770, 10.3 20.00
29. 208. 2231. 1,88 6875. 10.2 19.95
30. 202. 2300. 1.~ 14 6,66. 10.1 19.88
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T : I  le X f l T I

~ )MB U STION PRODUCT S FORMED FROM

Bl u N D E R  FLAME EXPO ~S J RF ,  CONDITIO N S

M AT E RIAL ~‘VC—4 ~P
~AMPLF MASS 9.51
TM PCSU) I XPOSURE cOND ITION n AMING
FLUX 16.4 4/SQ. IN. (2.5 W/CM2) . VERTICAL
DI~LNSI0NS 3 IN. X 3 IN. X 0.0625 IN.

CONCE NTRATIONS

T IME( r IN OS CO (PPMV ) C02 (%) HCIPPMV ) NOX IPPMV ) 024%)

0. 0. 0. 0.00 0. 0.0 21.00
1. 614 , 5, 0 , 0 2  222. 0 .7  21. 00
2, 1415. 101. 0.08 16314. 14.5 20.97

9914 , 27 14 .  0. 17  2555. 15.8 20.76
14~~ 660. 442. 0.25 3287. 16.2 20,59
5. ‘4145. 576. 0.33 3597. 114.0 20.58
6, 567, 665, 0,38 3718, 12.3 20,52
7, 5214. 731. 0.1414 3771. 11,1 20,29
8. 1482. 7814, 0,149 3786. 10 .1 20.26
9. ‘446, 833. 0.55 3763. 9.5 20.22

10 . ‘417. 872. 0.60 37140. 9.0 20.16
11 . 395. 917. 0.65 3710. 8,6 20, 09
12. 370. 961. 0.71 3695, 8,14 20.05
13. 352. 998, 0,76 3665. 8.1 19.87
114. 335, 1039. 0,82 3650. 7.9 19.88
15, 321. 1081. 0.87 3627. 7.7 19.75
16. 307. 1119. 0.92 3612, 7,6 19,62
17. 298. 1163. 0.98 3589. 7.5 19,58
18. 287. 1202. 1.03 3582. 7.5 19,54
19 . 278 , 12140.  1.08 3552. 7.5 19. 145
20. 269. 1281. 1.13 3536. 7,14 19.314
21 , 261. 1323. 1.17 3521. 7.14 19.26
22, 255. 13614. 1.22 3506. 7.’. 19.26
23.  2 14 8 .  11404 . 1.27 3 149 1. 7 .4 19.16
214. 2142. 114144 . 1.32 3484. 7.’. 19.09
25. 235, 114814. 1.37 3469. 7.5 19.06
26. 231, 1524. 1.42 31453, 7,5 18.94
27. 225, 15614. 1. 147 51446. 7.5 18.91
28. 219 . 1603.  1 .52 3 1438. 7.5 18.87
2~~, 2 15. 16143. 1 .57 3416. 7,6 18. 82
30. 209.  1662. 1.62 3393. 7.6 18, 72

) 1
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T~1 b l f ’  ;~:I~

‘ 1p 4BUSTION PRODUCTS FORMED FROM

BP US DER NONFLAME EXPOSU R E ~OND I T I ONS

MAT IR IAL PVC—PP
SAMP LE MASS 10.46
IMPOSED EXPOS uRE CONDIT ION NON FLAMING
FLUX 16.4 4/SQ. IN. (2.5 W/CM2). VERTICAL
DIPtNSIONS 3 IN. X 3 IN. X 0.0625 IN.

C ONCE l~. T P AT TONS

TIME(MIN) OS CO4 P PMV ) C021%) 44C (PPMV ) NOX (PPMV ) 021%)

0. 0. 0. 0.00 0. 0.0 21.00
1. 5, 0. 0,00 16. 2.0 21.00
2, 77. 0, 0,01 571. 2,0 21.00
3. 15 2 .  7. 0 ,01 1077.  ‘4 .0 21. 00
‘4 , 223.  17. 0 , 0 1  15814 . ‘4.1 21. 00
5, 268 , 29 ,  0 . 0 1  1968. ‘4 , 2 21. 00
6 , 303 ,  ‘4 3. 0 ,01  2336 . 3 , 1  21. 00
7. 327. 58. 0.02  2601. 2.6 20 .95
8. 3 142. 76. 0 .02  2759, 2 . 3  20 ,95
9 . 350. 95. 0 . 02  2878. 2.1 20.92

10.  552.  1114. 0 . 0 2  2931. 1.9 20 . 93
11, 353, 1514. 0 ,03  2999 , 1.7 20.84
12. 3 147. 153. 0 . 0 3  3082 . 1.7 20.84
13. 34’. . 175. 0 . 0 3  3099. 1.6 2 0 . 7 6
14 . 338. 192 . 0 .04 3148. 1.5 20 .79
15. 332. 211. 0.0 14 3 141, 1.5 20,7 ’e
16 . 325. 231. 0 .014 3135. 1, 14 20 .89
17 . 318. 2 146.  0.05  3159. 1.4 20 .95
18 .  311. 269. 0.05 5136. 1,14  21 .00
19. 30’ê . 292 . 0 ,06  3133, 1. 14 20. 96
20.  298. 316. 0.06  3115, 1 . 14  20 .92
21. 291. 341, 0. 07 3094. 1.3  2 1. 0 0
22. 285, 367. 0 .07  3073.  1 .5  V . 00
23 .  278. 393. 0 .08  3026, 1,3  21 .00
2’., 273,  ‘42 1. 0 , 09 3002.  1.5 2 1.00
25 , 268, ‘450. 0.09 2995. 1.3 21. 00
26. 263 ,  ‘478. 0 .10  2985. 1,5 20 . 63
27. 257. 510.  0 . 10  2957. 1.3 20.90
28, 252. 5 141.  0 . 11  29 140,  1 .5  20, 88
29. 2 147. 57 14.  0. 11 2912. 1 .3  20 .86
30.  2 14 1. 605, 0, 12  2892. 1.3 20.81

_ _ _ _  —_ —  ---~~ _ _ _ _  ---



T~~h 1e X X

COMBU STION PRODUCTS FORMED FROM

~ I I ;N D E R  NONFLAME EXPOSURE C C SD I T I O N S

M A T E R I A L  PVC—PP
SAMPLE MA SS 9.52
IMPOSED EXPOSURE CONDITION NONnLAMING
FLU X 16.4 4/SQ . IN. (2.5 WICM2). VERTICAL
DIMENSIONS 3 IN. X 3 IN. X 0.0625 IN.

CONCE4 TRAT IONS

TIME4MI’ ~) OS CO (PPMV) C02 (%) 4IC (PPMV ) N OX4P PMV ) 024%)

0, 0. 0. 0.00 0. 0.0 21.00
1. 13. 0. 0.00 16. 0.1 21,00
2. 80. 10, 0.01 521. 1,8 21.00

j39, 19, 0.01 1050. ‘4 .7 21.00
‘4 . 189, 28. 0.01 1431. 5.1 21.00
5. 221. 38, 0.01 1783. 5,0 21,00
6. 2147. 53. 0.02 2063. 4.9 21.00
7. 266, 67. 0.01 2373. ‘4.6 21.00
8. 278. 83. 0.02 2538. ‘4,’. 21.00
9, 284, 104 . 0.02 2657. 4.2 21.00

10 , 286. 122. 0,03 2715. ‘4 .43 20.86
11 , 265, 1’.1. 0.03 2785, 3.8 20.88
32 , 285. 160. 0.03 2822. 3.7 20.90
13. 279. 179. 0. O’ê 2841. 3.6 20.92
1’4 , 275. 200. 0.014 2872. 3.’. 20.88
15. 269. 218. 0.04 2865, 3,4 20,85
16. 2614, 234. 0.05 2878, 3.3 20.72
17. 259, 252 . 0,05 2855. 3.2 20.60
18. 253. 266. 0.06 2834. 3.2 20.59
19. 248, 286. 0.06 2828. 3.1 20.60
20 , 242 , 305, 0.06 2782. 3.1 21.00
21. 237. 327, 0.07 2766. 3.0 23.00
22. 230. 348 , 0.08 2770. 3.0 21.00
23. 226. 370. 0.08 2719. 2.9 21.00
2’.. 221. 377. 0.09 2705. 2.9 20.94
2’, 216. ‘413. 0.09 2689. 2.9 20.90
24.. 211 . ~430. 0.10 2666. 2.9 20.97
27 . 206. ‘454 . 0.10 2616. 2.8 20.92
26. 202. ‘481. 0.11 2618. 2,8 21.00
29, 197. 495. 0.11 2567. 2.8 21.00
30. 192. 537, 0.12 2556. 2.8 20.93

“3
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CO MB U ’ TI ON PRODUCT S FORMED FROM
p~~p-~j lj5I :~~fl FLAME E X P O S U R E  CO SD IT I ON S

MA T E R I A L  P V C — F S P 1
SA M PL E MASS 11 .93
TM POSEO EXPOSURE CONDITION FLA MI ’ l &
FLUX 16.4 9/SQ. IN. (2.5 W/CM2), VERTICAL
DIMENSIONS 3 I’~. X 3 IN. X 0.0625 IN.

CONCEN TRA TIONS

T IM E I M IN )  OS CO (PPMV , C02 (%) 41C (PPP’V ’ NOX(PPMV ) 024%)

0 , 0. 0. 0.00 0. 0.0 21.00
1, 0. 2. 0.01 127. 0.2 21.00
2 , 0. 165. 0.01 119, 0.1 21.00
3. 70. 396, 0,3.5 417. 2.5 21,00
4 . 163. 564, 0.41 855. 3.8 20.67
5. 211. 661, 0,56 1308. 5.6 20.49
6. 213. 776 .  0,58 1370, 3.5 20.48
7, 216, 873. 0.60 1421, 3,14 20.49
8, 218. 975. 0.61 1489, 3,14 20,52
9. 218. 1077. 0.63 1555. 3.3 20.39
10. 219. 1180, 0.6’4 1595. 3.3 20.39
11, 219, 1273. 0.66 1644. 3.3 20.36
12. 219. 1372. 0.68 1682. 3,3 20.33.
13. 217. 1465. 0.70 1709 , 3.2 20,28
1” . 212 , 1544 . 0.79 1836, 3,2 20.27
15. 206. 1627. 0.68 1977, 3,2 20.17
16. 198. 1708. 0,98 2099, 3.2 20.04
17. 190, 1764. 1.06 2165. 3.5 19 .90
1?. 1814, 1822, 1.13 2179. 3.3 19,76
19. 1744, 1680. 1.71 2197. 3.4 3.9.62
20. 172. 1942. 1.29 2217. 3.14 19.38
21 . 167. 1997 , 1,37 2220. 3.4 19.35
72 , 162. 2046, 1.45 2215. 3.5 19,25
23, 157. 2091. 1,52 2217, 3,5 19.16
24, 152. 23.32. 1.61 2199. 3,6 19.03
25, 1148. 2173. 1.68 2179. 3.6 18,91
26, 14.14 , 2214, 1,76 2179 . 3.7 16.80
21 , 139 . 2256 . 1.83 2209 . 3.8 18.68
2.. 135. 2299. 1.90 2190. 3.8 1A ,68
29. 132. 23+3 . 1.97 2179. 3.9 18.50
30. 129. 2586. 2.04 2208. 4.0 18 .47



‘I’S F i r  “ II

C O S DU S T I O N  PN O DUU ’i ’S  F O R M E D  :S’~ I F . ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

M A T I P IAL 4 ’ V C — F S P l
cA M PL I MA S S  11.02
IMPOSE D EXPOS URE CONDIT I O N ~ L4 M IN(
FLU X 16. 4 W/SQ. IN. (2.5 W/CM2) . VERTICA L
DIMENSIONS 3 IN. X 3 IN. X 0.0625 IN.

CONCENTRATIONS

T X M E ( M I N )  CS C O ( P P M V )  C 0 2 ( % )  HC( P PMV )  N O X ( P P M V )  0 2 4 % )

0. 0. 0. 0.00 0, 0,0 21.00
1 . 13. 2. 0.03 265, 0.1 20.96
2. 73. 113. 0.25 1024. .6 20.69
3 , 14.2. 251. 0,41 1504 , ..8 20.40
4. 171. 348. 0.49 1876, 1.7 20.33
5, 181. 501, 0,57 2262. 1.7 20,43
6, 183. 673. 0.65 2561, 1.7 20.28
7. 179. 831. 0.75 2733, 1.7 20,22
8, 171. 981. 0,81 2875, 1.7 20,06
9. 162. 1095 , 0.87 2937. 1.7 19.98

10 . 153. 119’4 , 0.94 30147 , 1.7 19 .98
11. 1145. 1’78. 1.00 5157. 1.44 19.79
12, 137, 1352, 1.05 3231, 1.8 19.76
13 . 131 . 14.25, 1,10 3375. 1,8 19.79
14. 125. 1490. 1,15 3470. 1.9 3.9.55
15. 1144. 15’43. 1,19 3563, 1.9 19.46
16. 112. 1581, 1.23 3625. 1.9 19.4.0
17, 107. 1631. 1.27 3690. 2.0
18, 102. 1668 , 1.01 5758. 2.0 19.42
3.9. 97. 1698. 1.35 3837. 2.1 19.25
20 . 93. 1727 . 1.39 3867, 2,1 19.10
21 . 89. 1756. 1.43 3917 • 2,2 19 ,00
22, 85. 1783. 1.47 3923. 2.2 18,86
23 , 82. 1802, 1.50 4001 , 2.3
24. 78. 1825. 1.54 4042, 2.3 18.73
25. 76, 1851, 1,57 4137. 2.4 18.59
26. 73, 1M.8. 1,61 4265, 2,4 144 .58
27. 70. 1887, 1.64 ‘41412, 2.~ 18.54
26. 67. 1913. 1,68 4513, 2.5 18.59
29, 65. 1930. 1.71 4618. 2.6 144.140
30. 63, 195’s . 1.75 ‘4724. 2.6 I D , 36

~
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T’S 1~ F’ I

M H U S T I O N _ PRODU C T S FORMED FROM

F S P — 1  UDE R N O N F L A M E  E X P O S U R E  C O N D I T I O N S

MA T E R I A L  PV C -FS P—1
SAMPL E MA SS 1 •0’S
IMPOSED EXPUSUR! CONDITION NON FLA MI NG
FLU X 16.4 9/SQ. IN. (2.5 w/CM2), VERTICAL
DIMENSIONS 3 IN. X 3 IN. X 0.0625 IN.

C O N C E N T R A T I O N S

TIME1MIN ) OS CO (PPMV ) C02 (~~
) 44C (PPMV) NOX (PPMV) 021%)

0. 0, 0. 0,00 0. 0.0 21.00
1. 0. 1. 0.01 0. 0.1 21.00
2, 13 , 1, 0,02 287. 0.2 21.00
3. 33. 5. 0.04 1246. 1.3 21 .00
4, 58. 12. 0.06 1946. 2.1 21 .00
5. 86. 22. 0,08 2406. 2.2 21.00
6. 127. 39. 0,09 2739. 2.1 21,00
7 . 151. 62. 0.11 2959. 2.1 21.00
6. 169, 97, 0,13 3163, 2,0 21,00
9, 184 , 153. 0,17 3359. 2.0 20,99
10 , jq~~, 228. 0,20 3504 . 1.9 20.90
11. 200 , 315 .  0 . 2 3  3608.  1 . 9  20 .86
12 , 199, ‘4 1*4 . 0,27 3653. 1.9 20,78
13. 195, 511. 0,30 3668. 1.9 20,72
14, 188, 609, 0,33 3631. 1,9 20,61
15, 1443, 702. 0,35 3620. 1.9 20,57
16, 17 44 . 780. 0,38 3576. 1.9 20.74
17, 172. 856. 0.41 3526. 1.9 20.68
18. 166. 927. 0,43 3507, 1.9 20.68
19. 160. 9446. 0.45 3474. 1.9 20.71
20. 154 . 1 0 3 9 .  0 . ’s7  3419, 1,9 20.60
21. 149. 1088. 0.49 3386. 1,9 20 .59
22. 1’4 3 . 1128. 0 .50  33 4 8 ,  1,9  2 0 . 5 1 4
23 . 138 . 1166.  0 . 52 3 3 2 0 .  1, 9  2 0 , 5 6
2’S . 133 . 1199. 0, 53 3277 ,  1 , 9  2 0 . 6 7
25. 129. 1227. 0.54 3265, 1 . 9  20. 50
26 , 124 , 1246.  0, 55 3219 , 1, 9 20 . 444
27. 120. 1255. 0.56 3178. 2.0 20,41
28 . 116 , 1 2 76 ,  0 . 5 7  3160 , 2 , 0 2 0 . 45
29. 112. 1280. 0.58 3105. 2,0 20,45
3 0 .  108,  1298.  0.58  3066.  2 . 0  2 0 , 4 1
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C D M B U S T J O N  P RODUCTS FORM ED FROM

• FS P—1 UNDER N O N F L A M E  EXPOSURE ct’ L D T T I O N S

MA T r R IAL PV C— F S P 1
SAM )~LF MASS 11.57
IMPOSED EXPOSURE CONDITION NONFLA~~1NG
F LUX 16.4 9/SQ . IN. (2.5 W / C M2) ,  VERTICAL
DI MENSIONS 3 IN. X 3 IN. X 0.0625 IN.

CONCE N TRA T ION S

TIMEIP ’IN ) OS COIPPMV ) C02(%) HCIPPMV ) NOX (PPMV) 021%)

0. 0, 0. 0 . 0 0  0 .  0 , 0  2 1.00
1 , 3 .  0. 0 , 00  2.  0 . 0  2 0 . 7 3
2. 17. 0,  0,01 ‘468 . 0 . 1  2 0 . 5 7
3 ,  34 . 0, 0 . 03 1310.  1,0  20 , 33
Is , 56 , 0, 0.06 1900. 1,3 20,23
5 , 90 .  0. 0 . 07 2 3 2 0 .  1 .3  2 0 . 21
6. 120 , 9. 0,09 2694. 1.3 20,31
7 , 138, 29,  0.10 2886, 1,2 20.31
8 . 1147 , 49,  0 .12 3053. 1.1 20.23
9, 155. 76. 0.13 3160. 1.1 20.32

• IC , 163. 117. 0.16 3258. 1.1 20,31
11, 168. 166. 0.18 3316. 1,0 20 .21
12 . 171. 2214 . 0.21 3357. 1,0 20,19
13 . 171. 283. 0.24 3349, 1,0 20,51
19 . 171, 359, 0 ,26  3337. 0.9  211 .53
15 , 170. 442.  0. 2 9  3366 . 0. 9 2 0 , 43
16 , 167. 535. 0 , 3 2  3399. 0,9  20 . 96
17 . 164 , 629, 0 .36 3 1414.  0 ,9 20 , 96
18 . 159. 721. Q .39 34.33. 0.9 20,95
19. 15’s , 808. 0. 41 3 44 0 ,  0 . 9  20.97
20. 1149. 887, 0. 144 34.32, 0,9 21.00
21 . 114~S . 968. 0, 147 34.06. 0.9 20,95
22. 138, 1032. 0.50 3378. 0.9 20 ,75
23. 1314, 1103. 0.52 3350. 0.9 20.71
24. 131. 1159, 0.54 3301. 1.0 20.51
25 . 126 , 123.3. 0.56 3227. 0.9 20,55
24 . 121. 1257. 0 .58 3 165.  0.9 20.55
27. 116. 1295.  0 . 5 9  3118, 1.0 20.31
28. 111. 1328. 0.61 30448. 1.0 20.52
29 , 107.  1353 .  0 , 4 .2 3 0 40 ,  1. 0  2 0 . 49
3 C .  103. 1371. 0.63 3044.. 1.0 20.93
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TW ie X S

S ~ j 3~J , ”flQ~ PROD UL TS FORMED F R OM

!“ SP —2 UNDER FLAME E X P O S U R E  c O N D I T I O N S

MATERIAL PVC~ FSP 2
~AM PLF MASS 11.00
IMP OSED EXPOSU RE CONDIT ION FLA MIN G
FLUX 16.4 9/SQ. IN. ( 2 . 5  W/C M2) ,  VE KT ICAL
DIMENSIONS 3 IN. X 3 IN. X 0.0625 IN.

CONCENT RAT IONS

TIMEIMIN ) OS CO (PPMV ) C024%) HC I PPMV ) NOXIPPMV ) 024%)

0. 0. 0. 0.00 0. 0.0 21.00
1. 15. 3. 0 , 0 2  185. 0, 4  21.00
2, 36, 128, 0,25 655, 1.3 20.76
3, 86, 242. 0.42 1155, 6,14 20.61
4 . 115. 34,4 . 0,51 1525. 9,2 20.4.5
5. 125.  ‘449.  0.57  1780. 9.4 20 . 3 3
6 . 127 . 520.  0, 63 1990. 9 .0  2 0 . 2 8
7. 126. 599. 0.70 2210. 8,5 20.20
8 , 121+ . 688. 0. 76 2355. 7.9 20 .06
9. 122. 780,  0, 82 2505. 7 .5  19,914

10. 119 . 867. 0, 448 2610. 7 .0  19. 86
11, 115 , 952, 0, 95 2690. 6. 7 19 , 78
12. 112. 1036. 1.01 2755. 6.5 19.65
13. 109, 1123, 1,07 2800. 6,3 19.54.
14 , 105. 1196, 1,12 2860, 6.1 19,47
15, 102. 1271. 1. 17 2880 , 6.0 19 . 35
16 . 99 , 1343. 1 .23 244 85 ,  5.9 19 .32
17 , 97 , 11406.  1. 28 2915, 5 .8  19.25
18. 94 . 1466. 1.33  2935. 5.7 19.11
19. 91. 1527. 1,39 2945. 5.7  19.06
20 , 89 . 1580.  1. 144 2990. 5.7 18.96
21. 86, 1631. 1.89 3056. 5 .6  18.88
22. 84. 1679. 1,5’. 3132. 5.6 144.449
23. 62. 1727. 1,59 3212. 5,6 18.83
24. 80, 1769. 1,64 3290. 5.6 18.73
25. 78, 1607. 1,4.9 3360. 5.7 18,67
26. 16, 18149. 1.74 31417. 5.7 18.58
27. 74. 18443. 1.79 34.63. 5.7 18 ,50
28, 73. 19144 , 1,444 3500. 5.8 18.45
29, 71. 1948, 1.88 3531. 5.44 144.36
30. 69, 1978. 1,92 3560. 5.9 18.2 44
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T h b l e  V X V I

COM BUSTION PRODU CTS FO R MED FROM

F. F P — 2 _ UN D ER FLA~1E E X P O S U R E  CONDITIONS

W AT E$ d IA L PVC-FSP 2
SAMPLE MASS 10.90
IMPOSED EXPOSURE CONDITION FLAMIN G
FLUX 16.4 9/SQ. IN. (2.5 WICM2). VERTICAL
DIMENSIONS 3 IN. X 3 IN. X 0.0625 IN.

CONCENTRATIONS

TIML(~~IN) OS CO (PPMV ) C02(%) HCIPPMV ) NOX(PPMV) 024%)

0,  0. 0.  0 . 0 0  0. 0.0 21.00
1, 19. 10. 0.05 235. 0.3 20,82
2. 99. 161. 0,26 925. 2.3 20,71
3. 178. 385. 0.49 1415. 4,7 20,39
Is . 208. 561, 0,61 1765. 5.9 2C’.09
5, 206. 682, 0.70 1960. 6.0 20.02
6, 198, 791. 0,77 2210. 5.8 19.440
7, 188. 889. 0,85 2255. 5,5 - 19,76
8, 178, 993, 0.93 2270, 5.2 19.83
9. 170, 1092. 1.01 2290. 5.0 19.85
10. 162. 1189. 1.08 2260. ‘4.8 19.72
11, 156, 1283, 1,16 2240. 4,7 1q ,53
12, 150. 1572. 1.23 2235. ‘4 .6 19.97
13, l’4 ’+ . 1858. 1,30 2195, 4,6 19,42
14 . 139. 1527. 1,37 2190. 4.6 19.21
is. 135. 1589. 1.44 2210. 4.6 19.1’s
16. 132. 1650. 1.51 2190. 4.6 19,06
17 , 128 . 1702. 1.58 2225. 4.7 18.98
18. 123. 1752. 1.64 2205. ‘4.7 144,82
19. 120. 1796. 1.71 224.0, ‘5,44 18.67
20 . 116, 1835. 1,77 2240. 4,8 18.39
21. 113. 1877. 1.83 2221. 14,9 18,31
22. 11 0. 1912. 1.90 2198 . 5.0 144,21
23, 107. 1948. 1.97 2173. 5.1 18,19
24. lOis . 1981. 2.03 21146. 3,1 18,08
25. 102, 2012, 2,09 2125. 5,2 17,94
26. 99, 2036. 2.15 2105, 5,3 17,69
27. 97. 2066. 2.21 20449. 5,4 17,79
28. 94. 2089. 2,27 2073. 5.5 17 .64
29, 93. 2112. 2.33 2062. 5.6 17,56
30. 90. 2136 . 2,39 2050, 5,7 17.52
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T T h l r  X V I I

C 1E5. TI ON P R o DUCTS FORMED FROM

F~~ ’-2 U N DER N O U F L A M E  EXPOSURE C O N D I T I O N S

M A T 4 I~)AL PVC—F SP 2
SAMPLE MASS 12.50
IMPOSE D EXPOSURE CONDITION NONFLAMING
FL UX 16.4 9/SQ. IN. (2.5 W/CM2). VERTICAL
DI ME N S I O NS 3 IN. X 3 IN. X 0.0625 IN.

CONCEN TRAT IONS

TIMEI M IN) OS CO (PPMV ) C02 (%) HCIPPMV ) ~JOX(PPMV ) 02(9)

0. 0. 0. 0.00 0. 0,0 21.00
1. 6, Is, 0.00 29. 0.2 20.92
2. 51. 4, 0.02 753, 0,5 20.86
3. 93. 8. 0.04 1609. 1,14 20 , 82
4 , 121, 19. 0, 06 2150. 1,6 20.65
5. 138 , 55, 0.08 2638. 1.6 20.61
6, 150. 61. 0.09 2686, 1.5 20.72
7, 158. 121. 0.12 3086. 1.5 20.66
8. 161, 196. 0,1’S 3184., 1.5 20.61
9. 161. 266. 0,17 3301. 1. 14 20. ’49
10. 157. 3148 . 0.20 3352. 1,14 20,43
11 , 153. 1429. 0.25 3385. 1.1+ 20.43
12. 1149. 502. 0.26 34.15. 1.14 20,34
13 , 145. 570. 0,29 3421, 1,4 20,344
14. 139. 627, 0,32 3833, 1.4 20,38
15. 135. 679. 0,34 3390 , 1. ’e 20.26
16. 131. 717. 0.36 3381. 1.4 20.37
17 , 125. 7141. 0.37 3296 , 1.14 20.30
18, 120, 750, 0.38 3270. 1.14 20,31
19. 115, 74.6, 0.59 3204., 1.4 20,35
20. 11 0. 774. 0.39 3159. 1.5 20,23
21. 106. 781. 0.40 3139, 1.5 20.16
22. 102. 7447, 0,550 3082. 1 ,5 20,22
23, 944. 193, 0, 140 302 14. 1.5 20. 28
24.. 9’S . 4400. 0.41 2990, 1.5 20.15
25. 91. 808. 0.4.1 29 149. 1.5 20 ,2 4
26. 88. 812, 0,42 2906. 1.5 20.27
27. 85. 821, 0, 41 2880. 1,5 20,28
28. 83, 826. 0,42 2838, 1.5 20,20
29. 80. 832. 0 ,142 2622. 1,5 20, 19
30. 18. 837. 0.82 2184.. 1.6 20,26
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~1 I T T T

. 1 ’  1 LU PR OD~ ‘TS F ORMED FROM
F~~E — 2  UNDER _ N O N F :~A M E EXPOSURE C O N D I T I O N S

MA rl RIAL PVC—F SP—2
SAMPL E MASS 11.61
IMPOSED l.XPOSURE CONDITION ‘ ONrLAMING
FLUX 16.4 9/SQ. IN. (2.5 WICM2), VERTICAL
DIMENSIONS 3 IN. I 3 IN. I 0.0625 IN.

CON C ENIPA T I O~.S

T!ML (MIN ) OS C0(PP~1V) C02(%) HC(PPMV) NOX (PPMV) 021%)

0, 0. 0. 0, 00 0. 0,0 21.00
1, 11, 2. 0,01 37. 0.1 20,82
2. 35. 2. 0,02 701. 0.5 20.70
3. 63. 2. 0.05 1282. 1.8 20,61
9 . 106 . 2. 0.06 1766, 2 .1 20 ,71
5. 132 , 2. 0.08 2079. 2.1 20.47
6, 142. 8, 0,09 2311, 1.9 20 .61
7 , 146, 24 , 0.10 2408. 1,8 20 .56
8, 147. 42. 0,10 24.41+, 1.7 211,62
9. 146. 64, 0,12 2449, 1.7 20.55

• 10. 11.4 , 98. 0.13 2441. 1.6 20.35
11. 143, 139. 0,15 2815, 1.5 20.148
12. 141. 187. 0.18 24.09. 1.5 20 .146
13. 139. 237, 0, 20 24.24 , 1,5 20.31
14. 135. 285, 0,23 24614, 1,5 20.20
15. 134. 348, 0.26 21450. 1,14 20,25

• 16, 131, 1409, 0,29 2432. 1,’+ 20,21
17 . 127, 468. 0, 32 2’421. 1.4 20.35
16, 1214, 525. 0.35 2379, 1,4 20.33
19. 120. 579. 0.38 2304. 1.4 20 .33
20. 117, 631. 0,41 2242, 1.14 20,3”
21. 114. 678. 0.44 2153. 1.3 20.17
22. 110. 720. 0.47 2101. 1.3 20.17
23. 107. 75. 0.50 2015, 1.3 20.21
214 . 103. 744 3. 0.52 1901. 1.3 20,07
25. 99, 80 5 .  0, 53 18’sb, 1.3 20.18
24,, 95, 822. 0.55 1795. 1.3 20.16
77. 92. 837. 0.56 1725. 1.3 20 .155
28. 89. 4447 , 0.37 1721. 1,3 20.10
29. 85, 858. 0.57 1659. 1.3 20,05
30, 82. 862. 0.58 1647. 1.4 19.99
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‘i’ ibl. XIX
‘OM ~ STIO: ,  PRODUCT S FORPIE D ER OS HP — I C — I

U’DEB ELAME EXPO SUR E C O N D l Y 1 O U . ~

MATERIAL PVC—BP IC-1
SAMPLE MASS AVG 11,5759
TMPOS(O EXPOSURE CONDITION FLAMIN4.

FLUX 16.4 9/SQ. IN. (2.5 W/CM2), VERT ICAL
DIMENSIONS 3 IN. I 3 IN. X 0.0625 IN.

AV ERAGE

TIM ((MIN) OS CO (PPMV) C02(%) NC PPMV) NOX (PPMV~ 02(9)

0. 0. 0, 0.00 0. 0,0 21,00
1. 66, 11, 0.014 14.9. 2 . 3  21 .00
2, 208 , 97, 0 ,13 966 , 7,2 20.92
3, 277 , 189. 0 .23  1768. 12. 3 20.71
8 , 583, 266. 0,53 2668. 16.8 20.67
5, 399, 514. 0,4.5 3256. 19.? 20,44
6, 1418. 6146. 0.52 3631. 21.6 20,36
7. 4.28. 721. 0,60 3916. 23 ,7  20 ,22
8, 1.17, 786 , 0.67 4.105. 25.0 19. 99
9, 399, 849. 0.114 4210. 25.8 19.9’.
10. 383, 907. 0.80 ‘4263. 26,8 19.86
11, 3~ 3, 967, 0,67 8278 , 27.7 19.75
12, 346 , 1021, 0.94. 8256, 28 ,6 1~~, 64
13. 332 , 2075. 2.00 424.1. 29.5 19.52
19 , 320 , 1130. 1.06 4218. 30.1 19.35
15, 307. 1180 , 1,12 ‘4253, 31,0 19,31
16, 501. 1227, 1,19 8271, 31,7 19,26
17. 295, 12714, 1,26 8301. 32,5 19.14.
18, 291, 1320. 1,32 4346. 33 .3  19.00
19 , 267 , 1365, 1, 39 4369, 33 , 9  28.86
20. 263 , 24 1 1,  1. 46 9807. 38 .6 18.72
21. 279, 1458, 1. 5’s 4.422. 35,2 18.62
22. 273. 14.99. 1.60 ‘41459. 55,7 18.52
23 , 269 , 1542 , 1, 67 41459, 36 , 3 18. 80
2’. . 265. 1586. 1. 74 4.497. 36 .8 18,29
25, 258, 164.0. 1. 82 4.1459. 57 ,6 18,20
26. 251. 1616, 1, 88 4475. 38 ,0 18 ,05
27. 2146, 2717. 1. 95 4.4.52, 58 , 7 17, 93
28. 239 . 1755, 2, 02 44.22, 3~~,1 17 .76
29, 252, 1769. 2.09 8392. 39 ,5 17,71
50. 226. 1837, 2.16 85214. 39 ,8 17.59

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _— — - - 
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b 1 X X

C r~1PUS T 1ON PRODUCT S FORME D FRO M _ B P — I C — 1
O N D E R N O U F L A M E _ E X P O S U R E _ C O N D I T I O N S

M AT ERIAL PVC-BP-IC-1
SAMPLE MASS AVG 12.8166
IM POSED LIPOSURE CONDITION NON FLAMING
IHI X 16.4 9/SQ . IN. (2.5 9/CM2), VERTICAL
DIMENS IONS 3 IN. X 3 IN. I 0.0625 IN.

AVERAGE

TI ME(M IN ) OS CO(PPMV ) C02 (%) MC (PPMV ) NOX (PPMV) 02(6)

0, 0. 0, 0.00 0, 0,0 21.00
1, 1, 4 , 0 , 0 0  12. 0.1 20,87
2, 98. 4 , 0.00 411, 0,3  20, 70
3. 189. 4. 0,00 1181, 0, 1 20 , 80
8, 225, 6, 0 , 00  1509 , 1, 0 20 ,66
5, 248, 13. 0.00 1794, 1, 4 20.79
6, 260, 19, 0.00 2006, 1,8 20.68
7. 268, 27, 0.00 2245, 2,3 20,66
6, 272. 36, 0.00 2393 , 2,8 20.62
9, 271, 45. 0.00 2511, 3,2 20.60
10, 271, 53. 0. 00 2562. 3.6 20.55
11. 270,  65, 0,00 2679. 4.1 20.55
12. 268, 72, 0.00 2724. ‘4 ,5 20,4.4
13. 264. , 67. 0.00 2801, 5, 0 20.39
18. 259, 96, 0.00 2825, 5,4 20,32
15, 254, 102, 0.00 2864 . 5, 8 20,21
16, 2449. 119, 0.00 2885. 6.3 20, 29
17. 2143, 128. 0.00 2940 , 6,7 20,11
18, 238. 137, 0,00 2934. 1.2 20,17
19. 2514, 144, 0.00 2q65. 7,5 20,20
20, 229, 156. 0.00 2961. 7,9 20.20
21. 2214, 161. 0.01 2~ Is7. 6,4 20.20
22. 220. 17’s. 0.01 2941+. 8.9 20.19
25, 216, 182, 0,01 2911, 9 ,5 20 , 17
24. 211. 191. 0.01 28914. 10.0 20.16
25, 207 , 199 , 0.02  2872, 10.5 20 , 15
26, 202. 208. 0 .02 2858 , 10, 9 20, 14
27. 198 , 215, 0,02  2616, 11,3 20.11.
28. 194 . 222 . 0 .05  2801, 11. 6 20. 13
29, l8~~, 224, 0 .03  2768, 11. 9 20.13
30. 188, 232 , 0.05 2715. 12.1 20. 13
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T s b  1

T .LO i-I P RO DUCT S PG H ’N D ~~ 
.

- “I DE R FLA ME EX ~’ LO I RE _ C O N D I T I O N S

MA TERIAL PVC— BP—I C— 2
SAMPLE MASS AVG 12.5866
IMPOSED LIPOSURE CONDITION FLAMING
FELi X 16.4 9/SQ . IN. (2.5 9/CM?), VERTICAL
DIMENSIONS 3 IN. 1 3 IN. 1 0.0625 IN.

AV E R A G E

TIME (MIN) OS C0 (PPMV) CO� (6) HC(PPMV) NOX (PPMV ) 021%)

0, 0, 0. 0.00 0. 0 , 0  2 1.00
1, 29, 24.. 0,00 136, 4,6 21.00
2. 167 , 97. 0,10 567, 9 ,9 2 0,84
3, 236 , 187, 0.18 1399, 12.6 20 .70
4., 268, 266. 0 .23  2283. 114 .1 20 , 59
5. 28’s , 337, 0.27 2954. 15.2 20,51
6 . 300, 411. 0 ,3 2  3589, 16 ,2 20 . 51
7 , 516. 481, 0 .36  4187. 17 .4 20, 45
8, 331. 5148. 0. 43 8611, 18 .5 20 .24
9 , 396, 624 , 0, 148 14966 , 19.6 20 ,2 1

10. 363 , 699, 0,54 5245 , 21.0 20 ,04
11. 379 , 772 , 0.60 5502. 22,7 20 .00
12. 386. 8145. 0.66 5690, 2’4.5 19 .96
13. 583 , 916. 0, 71 5812. 25,7 19 .79
1~~. 375 , 988, 0. 76 5902. 27 .2  19 .79
15. 561 , 1054 . 0, 614 5962. 28,7 19. 69
16. 356 . 1126, 0. 90 6038 , 30 .2  19 .57
17. 350.  1198. 0. 96 6098 . 31.7 19.43
18, 3 1.0, 1261. 1,01 6136. 32.9 19, 47
19 . 333,  1332 . 1.07 6181, 34,3 19.42
20.  325. 1390. 1,12 6219, 35 .6 19 .3’4
21.  318, 1453, 1.18 6226, 36 ,8 19,29
22.  511. 1515. 1.23 6241. 38 .0  1e ,27
23.  5014 , 1575. 1.29 6279 , 39 ,2 19 , 21
21. . 296. 1634 . 1.34 6355. 4 0 , 4 .  19 .12
25. 291. 1689. 1, 40 6407. 4 1.3 19,0 1
26. 285 , 1770, 1, 85 6853, 42 ,4 .  18 ,87
27.  279 , 1619. 1,51 6528, ‘.3.5 18, 75
28 . 27 14. 1887. 1, 57 6581, 4’4,5 18 ,63
29. 268, 19142, 1,62 6641. 85.8 18.53
30 ,  263. 1993. 1.68 6694 . 86 ,2  18.3 44

1~~;
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SO ‘.T1 Y . I RL D T ’ ’’F? F ( ’HM Et )  F R C ~ D~~— I( ’ ——~
• U : ER ~ U I ’ J , 1 ~MJ E X P O S U R E  C O N D I T I O N S

MATtRIAL PVC—BP IC—2
SAMPLE MASS AVG 12.8162
IMPOSEO EXPOSURE CONDITION NONFLAMING
FLUX 1 6.4 9/SQ. IN. (2.5 W/CM2). VERTICAL
DIMENSIONS 3 IN. I 3 IN. 1 0.0625 IN.

A VERAGE

T IM E( MI N) OS C0(PPMV ) C02 1% ) )4C ( PPMV) NOX ( PP MV ) 0211)

0. 0. 0. 0.00 0. 0,0 21,00
1. 6 , 2, 0 ,0 0  10. 0,2 20,82
2. 32, 2. 0.00 90, 2,1 20, 79
3. 56. 5. 0 .00  220 , 3 ,4 20, 81
‘4 . 150. 7, 0, 00 1.72, 3,3 20, 79
5 , 193, 9, 0 ,00  858 , 3 ,2  20. 70
6 , 209. 10. 0.00 1129, 3.8 20. 68
7 , 216, 14. 0.01 1392. 6,6 20,70
8 , 222, 15, 0.01 1680. 9,8 20 , 77
9 , 224 . 19, 0.01 1942, 10.7 20.75

10. 227 . 23, 0.01 2180, 10,9 20. 79
11. 227, 35. 0.01 2495, 11,1 20 .70
12. 227, 38, 0.02 2662. 11,1 20.85
13 . 228. 4.5, 0,02 2782, 11, 2 20,81
14 , 227, 52. 0 .02 2888 , 11,2 20. 89
15. 225. 60, 0.02 2971. 11.3 20, 75
16. 226. 66. 0 ,02 3024 . 11, 4 20 , 74

• 17 , 223,  72, 0.0 2 3046 . 11, 6 20 , 74
18, 220. 82, 0.03 3077, 11,8 20. 68
19, 219, 87, 0 .03  309 2, 11.9 20 , 71
20. 216, 92. 0 .03 3129. 12.3 20, 73
21. 2114, 100. 0.03 3129, 12,6 20 ,70
22, 212, 110, 0.03 3122. 12.9 20. 65
23. 211. 121, 0.03 3122, 13. 2 20. 58
24 . 209. 131. 0.03 3107 ,  13.5 20,50
25, 208. 14.2. 0.03 3099 , 13 ,6 20 ,1.4
26. 207. 151. 0.04. 3062. 114 ,1 20. 80
27 . 206. 1St , 0.04 3046 . 14.5 20.37
28, 201., 166. 0.01. 3009, 18,9 20.36
29 . 202. 113. 0.0 1. 2q71. 15,3 20,36
30 , 201, 180. 0,04 2926 , 15 ,7 20, 36
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F : , h 1 s~~ . . I

, . i X OD r ’T. ’ E O 1~M EI ,~ FR OM P 0 1 — 1 — I C — i
‘ J O E R  LAME EXI OSUR E C O N D I T I :;S-

MAT E RIAL FSP —1—I C—1
SAMPLE MASS AVG 17.56 14
IMPOSED EXPOSURE CONDITION FL AMING
FLUX 16.4 9/SQ . IN. (25 W/CM2). VERTICAL
DIMENSIONS 3 IN. I 3 I~~. I 0.0625 IN.

A VERAGE

TIMt(~~IN ) OS CO(PPMV ) C02 (%) $C (PPMV ) NOX( PPMV ) 02 (1)

0, 0, 0, 0, 00 0. 0.0 21.00
1. 5, 6. 0.00 79, 1.1 20.80
2. 121. 42, 0,02 592, 3,4 20, 64
3, 165, 162, 0.23 1147. 16.0 20,54
4, 185. 265, 0.59 1556. 22.6 20.33
5. 191s, 562. 0,50 1969, 26,9 20,18
6. 199. 441, 0.57 2515, 28.6 20.03
7, 197. 538. 0.68 2775, 30.8 19,92
8. 195, 627. 0,71 3085, 32 ,7 19, 80
9. 196 , 705, 0. 75 34.06, 33.0 19, 75

10. 198, 776. 0,79 3679. 33 .4 19 ,60
11. 198, 860. 0,82 3919. 33.4 19 ,56
12, 197, 94 6, 0.86 4150. 33.7 19,89
13. 197, 1035. 0,90 4 369. 33 ,9 19.47
11., 195, 1128, 0,93 4551, 34 ,1 19 ,43
15. 193. 1225. 0,96 8748. 34 ,3 19,27
16 , 190. 1319. 0, 99 4.984 . 34 , 4 19 .29
~.7 . 187. 1409. 1.02 5095, 34.6 19.19
18 . 185. 1505. 1.05 5276, 314,9 19.14

183. 1597 . 1.08 5502. 35.0 19. 08

20. 161, 1688. 1.11 5686, 35 .2 19, 13
21. 178, 1778, 1.1’S 5812, 35.4 19.06
22. 176. 1857, 1,17 5970, 35 .8 18 , 97
23. 175. 1941. 1,20 6114. 35 ,7 18 , 88
28 . 173. 2014. 1.23 6295. 35.7 18, 96
25. 171. 2091. 1.26 6431, 36.0 144,86
26, 169 , 2162. 1,29 6589, 36 ,1 18 ,84
27 . 167, 2236, 1,32 6718, 36 ,3 16, 814
28. 165. 2206. 1,55 6838. 36.5 18,69
2~~. 143. 2286, 1.58 7012, 56.0 18.66
30. 160, 2373, 1.40 7135, 36,6 18,62

10(
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M AT ERIAL PVC—F SP 1-IC-1
SAMPLE MASS AVG 16.9887
IMPOSED LX POSURC CONDITION NONF LAM ING
FLUX 1 . 4 9/SQ . IN. (2.5 W/CM2), VERTICAL
DIMENSIONS 3 IN. I I IN. 0.0625 IN.

AVERAGE

TIMEIMIN ) OS CO (PPMV ) C021*) HCIPPMV ) NOXI PPMV) 02(1)

0. 0. 0. 0.00 0, 0.0 21.00
1, 1, 0. 0.00 10. 0.0 20.85
2 , 20. 0.  0, 01 111 , o .o ~0.85
3. 68. 0. 0.01 354 . 1.2 20,81
4 , 125, 0. 0. 02 589. 1, 4 20. 82

159 . 2. 0. 03 794 , 1.5 20, 78
6 . 172 , 6, 0,04 937. 1,6 20 , 78
7 , 160, 10. 0. 05 11140. 2. 2 2 0, 89
8, 188. 13. 0.05 1308. 2.6 20,89
9, 193. 17. 0.06 1464, 3.1 20, 84
10. 196. 21. 0 , 0 7  1616, 3.6 20,81
11. 198. 25. 0.08 1767. 4.3 20,81
12. 201. 30, 0,09 1896, 4,9 20, 84
15 , 202,  35. 0.09 2205. 5,14 20,85
14.. 202.  40. 0.10 2201, 5,9 20,76
15. 203. 46. 0,11 2271. 6.3 2 0 , 85
16. 201. 55. 0.11 2395 . 6.7 20. 71
17 . 199 , 59. 0. 12 2364 , 7.1 2 0, 81
18. 197. 66. 0.12 2389. 7 .6 2 1 ,63
19. 194, 70. 0.13 2446, 8,0 20.61
20. 191. 76, 0.13 2485. 8,4 20.67
21. 189. 83. 0.13 2482. 8.8 20. 73
22. 185, .89. 0.14 2499. 9.2 20.65
23. 183. 96. 0.14 2494. 9.7 20,70
2’s . 181, 105. 0,15 2499 . 10,1 20, 69

25. 178. 109. 0,15 24 82. 10.5 2 0 , 66
26. 175, 115. 0,15 2435. 11.0 20,67
27, 173, 122, 0, 16 2392 , 11, 4 20 , 70
28 . 171, 120. 0.16 2367, 11. 7 20 , 69
29 . 168 , 128. 0.16 2325 , 12, 2 20, 73
30, 167 , 154. 0,16 2286, 12 ,6 20 , 70
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MATE RIAL PVC-FSP-t-IC-2
SAMPLE MASS AVG 15.6642
IMPOSED EXPOSURE CONOITIO N FLAM ING
1LU~ 16.4 9/SQ. I N .  ( 2 . 5  ~“~~2), ~E PT I CAL
~.1M~. NSI0NS 3 IN. 1 3 iN . I 0.0625 I I .

AVERAGE

TIMEIMIN ) OS CO1PP~ V) C02(%) HC(PPMV I NOX (PPMV) 021%)

0 , 0 , 0. 0. 00 0. 0.0 21. 00
1. 23. 13, 0.05 105. 3.0 21.00
2 , 234 , 85, 0.14 783. 9.2 21,00
3, 519 . 173. 0 ,25 1537 , 14 .8 20 ,96
4. 559. 239. 0,36 21149, 20.6 20.75
5. 377 . 32’s, 0,47 2551. 25.2 20. 63
6, 377. 437. 0.57 2732. 29 .1 20.39
7, 578 . 565. 0, 67 2915. 32.8 20 ,27
8. 369. 691. 0,76 3069 . 35,8 20.15

3ss. 788, 0. 84 3271, 38 ,5 19 .98
10. 542. 884, 0,94 3572, 41,6 19.80
11, 554 . 979, 1.00 3594. ‘43 .9 19,67
12. 322. 1048. 1,05 3640, 44.’ 19 ,58
13. 312. 1109. 1.09 4072. 45.0 19.51
l’s . 301. 1160. 1.12 8284. 45.8 19 ,44

15. 291. 1209. 1.16 4533, 86,3 19.46
16 . 283. 1256. 1, 20 8759 . ‘47 .2 19 .33
17. 275, 1305. 1.23 4978 , 48 ,0 19 .20
18. 270. 1355. 1.27 5159. 48,4 19,13
19. 266. 1406. 1.31 5363. 4 9 .0  19.16
20 ,  24.3. 1456. 1.3’S 5514. 49.4 19 , 07
21. 26 3. 1511. 1.38 5673. 49.8 19.02
22 , 262, 1567. 1, 4.2 5831. 50.3 18,88
25 , 262, 1629. 1, 47 6027. 50. 9 18.87
24. 260. 1688. 1.50 6231. 51,1 18.77
25. 260, 1750. 1, 55 6835, 51.8 18. 78
26. 258 , 180 9. 1.59 6661. 52,5 18, 47
27 , 257. 1869. 1. 65 6910, 52.4 18.37
26. 25’. . 1928, 1,66 7129. 53 ,1 18.21
29 . 253. 1983. 1.72 7378. 53,2 18 .25
30. 249. 204 0 ,  1.77 7612. 53.6 18.12

loB
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M A T E R I A L  PVC—F S P—1—I C—2
SAMPLE MASS AVG 17 ,5677
IMPOSED EXPOSURE CONDITION NONFLAMING
F E L X  1 6.4 9/SQ . IN. (2.5 W/CM2), VERTICAL
DIMENSIONS 3 IN. 1 3 iN. 0.0625 Oi .

A VERAG E

TIM((MIN) OS C0 (PPMV) CO2 (%) HC (PPMV ) NOX (PPMV) 0 2 1 % )

0. 0. 0. 0 .00  0. 0.0 21.00
1. 1. 0. 0,00 11. 0,1 20,69
2, 20, 0. 0.00 131, 0.4 20,74
3, 89. 0, 0 .02  5’44. 2.3 20.70
4, 177. 0. 0.03 932. 2,5 20.77
5, 230. 2. 0.04 1143. 2 ,6  20,65
6 . 256 . 7. 0.05 1393. 2.9 20.55
7, 266. 13. 0.06 1658. 3,3 20,66
8, 268, 21. 0.07 1951, 3.7 20.76
9 , 269. 28. 0.09 2263 , 4,3 20,72
10. 268. 35. 0.10 25 19 . 5.0 20,67
11. 266. 43, 0.11 2702, 5,9 20,62
12. 267. 50. 0,13 2865, 6,5 20.58
13. 269. 57. 0.14 2974, 7.1 20.~~5
j~S , 274. 66. 0.15 3120, 7,7 20,44
15. 273. 75. 0.15 5153. 8.2 20.39
16, 274. 86. 0.16 5202. 8,7 20, 42
17, 272.  96. 0 . 16  3179. 9 .2 20 , 42
18. 271. 106, 0.17 3233, 9.8 20 .47
19. 269, 116. 0.17 3227. 10.3 20.50
20. 265. 126. 0.18 5224. 10.9 20,50
21. 264. 135. 0.18 3208. 11.4 20.47
22. 263. 144. 0.19 3220. 11.9 20.46
23. 261, 153. 0.19 3178, 12,4 20,43
24. 251, 161. 0,20 3114, 12.9 20.53
25, 256. 170. 0.20 3105. 13.” 20.54
26 . 253. 179. 0, 20 3003. 13.9 20 .53
27 . 250. 187, 0 .2 1 2960. 14 .5 2 0 . 96
28. 249. 195. 0,21 2929 . 14 ,9 20 .53
29 . 247 . 203 . 0.22 29 13, 15 ,4 20 , 53
30. 245, 210, 0.22 2898. 15,9 20,58

~1 
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MAT E NIAL PVC—FSP— 2—IC— 1
SA MPLE MASS AVG 13,2391
IMPOSED EXPOSURE CONDITION FLAMING
FLUX 16.4 W/~J, IN. (2 .5  W /~.M 2) ,  VE 1T ICA I.
D I ME NSIONS 3 ~N. I 3 IN. J . (j ( :’5 ~~

AV E RAG E

TIMEIM IN I OS CO PPMV C02 (%) HC (PPMV) NOXI PPMV ) 021%)

0. 0. 0. 0.00 0, 0,0 21.00
1. 53. 36. 0,05 244, 3,7 20.99
2. 130. 126, 0.19 1377. 8.6 20.81
3. 187. 249. 0,36 2559. 14,8 20,67

221. 328. 0,49 3206. 17.1 20,52
5, 239 , 379. 0.56 3518. 16,4 20,40
6. 247. 438, 0,68 3755. 19,2 20,26
7 , 242 . 522, 0. 77 3921, 20 ,1 20 .08
8. 230. 601, 0.84 4069, 20.8 20,00
9, 217. 678. 0.93 4149. 21,’s 19,85

10 . 209, 754. 1,00 4198. 22,2 19.70
11 . 192, 825, 1.07 4266, 23.3 19.59
12. 184, 893, 1.14 4333. 24,1 19.41
13 . 176. 955. 1.20 4386 , 24,7 39,41
1~~. 168, 1019. 1,28 ‘4416, 25.2 ‘ 3  25
15. 161. 1081. 1.35 4439. 25.8 19.11
16, 154, 1141. 1,43 8416. 26.5 19.00
17 , 149. 1190. 1,49 4447, 26,9 1~~ 03
18. 145. 1228, 1.55 8462. 27,2 18,82
19. 141. 1264. 1.61 4’584, 27.7 18.67
20. 137 . 1297. 1.67 4537. 27.9 10.63

21. 135, 1331. 1,73 4605. 26 .3 18 .60
22. 132 , 1363. 1.78 4658, 26,7 18.47
23 , 128, 1395 . 1.444 4718. 29,1 18.41
24. 125, 1425, 1.90 8779. 29.2 16.34
25. 122, 1455. 1.97 4764. 29.7 18.1~.
26. 119, 1483. 2,05 4804, 30.0 18.08
27. 116, 1513. 2.10 8845, 30.3 17,97
28 . 113. 154.4 . 2 , 17 4866, 30 . 7 17.87
29 . 111. 1575. 2 ,24 4926. 31.0 17.76
30, 108, 1608, 2.32 4970. 31.4 17.65

8

1~ o

_ _  
_ _  _ _  

a
—p ——.— - —~

-..—.!—e....
~ --— . — . — . r —  ~~~~~~~ — ——~- .———.— .~~_ _  .. .._... .._ _-__



r i~~.~~~I ( ,  ;~. ~• 1 1 1
4

51 I(~1.1 ,OIUj l S En ~. i ,i ; . ’ JJ ~‘~ or~i ~1L=_~ — i c— ~5: FIR : J O : J v : , , \ M E  E X E  lIRE CO N D I ‘rIo;;:

MAT ERIAL PVC-FSP—2- IC- 1
SAMPLE MASS AVG 15.4281
IMPOSED EXPOSURE CONDITION N ONF LA M IN G
FL t~ 16 .4  9/SQ . I N . (2.5 W/CM2), V E R T I C A L
DIMENSIONS 3 I N .  I 3 I N .  I 0.0625 IN.

A V EM A GE

T IME(P’ IN) OS C0 ( P P MV )  C 02 ( % )  MC(PPMV ) NOX ( PPMV 0 2( 5 )

0, 0. 0. 0.00 0. 0.0 21,00
1. 1, 0. 0,01 0. 0.0 20.84
2 . 44 , 0. 0,01 210, 0,1 20 , 82
3 . 04. 0. 0.02 662. 0.4 20. 84
4, 109, 0. 0.04 1077 . 0.6 20 ,73
5. 131. 2. 0.05 1528. 1.1 20.63
6 . 147 . 7. 0,06 2059. 1.5 20.67
7, 160, 13. 0.08 2633. 1,9 20.70
8, 168, 20. 0.09 2668. 2.3 20.71
9, 174. 28. 0.10 3053. 2.6 20,63
10, 179, 36. 0.11 3155. 2.9 20,51
11, 14.1, 45. 0 ,12 3204 . 3,2 20 ,35
12. 162 . 55. 0,12 5237. 3,5 20.37
13. 179, 64. 0.12 3279, 3.9 20,52
14. 176. 76, 0.13 3290. 4.2 28,58
15. 174, 67, 0,13 3315. 4,5 20,52
16, 170, 98. 0.14 3335. ‘5.9 20.54
17. 145, 109. 0.1’S 3342. 5.2 20.51
18. 161. 120, 0.15 3339. 5,6 20,47
19. 157. 131. 0.15 3544. 5,9 20,52
20. 155, 141. 0.16 3320, 6,2 20.52
21. 146. 152. 0.16 3305.  6 ,5  20 .55
22. 145. 162. 0.16 3285. 6.8 20.51
23, 141, 172. 0.17 3282. 7.1 20.52
24. , 138, 1*2, 0,17 3249, 7,4 20,50
25. 136, 192. 0.18 3226. 7,7 20.40
26 , 133, 202, 0,18 5172. 8.0 20.43
27, 130, 212, 0,19 3072. 8.3 20.29
26. 126. 214. 0.19 3038. 8.6 20.33
29, 125, 225. 0 ,20 2997. 8 .8 20 . 25
30. 123. 236. 0.20 2982. 9,1 20.29
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PATERI AL PVC—FSP—2-IC-2
SAMPL E MA SS AVG 16.9573
T’5POS (D EXPOSURE CONDITION FLAMING
FLU X 16.4 ‘~5. IN. (2.5 ~f’M2), V E R T I C A L
DI ME NSII .~ 3 I N. 3 I N . I 1 . 0N~’5 IN .

A V E R A G E

T IM E I M I N )  OS COI P P M V )  C02 (%) HC (PPM V ) NOX(PPM V ) 02 (5)

0. 0. 0. 0.00 0. 0.0 21.00
1. 11. 6. 0.02 109. 1,3 21.00
2. 77. ‘s3. 0, 06 543, 4,4 28 .95
3, 169. 97, 0.14 1006. 8.7 20,92
4 . 335. 139 , 0. 24 1663. 13.8 20,86
5 . 361. 185. 0.34 2393, 17.1 20.77
6, 398 . 240. 0.82 2800. 19.8 20.59
7 , 398 , 302. 0.50 3238. 22,7 20.58
8 , 4.07 , 384. 0.59 3472. 25,5 20,40
9, 8 16. 482 . 0. 69 3653 , 29.6 20 ,09

10. 4. 10.  586. 0. 78 3736 . 3 3 . 2  2 0 . 0 8
11, 598, 657. 0.86 3761. 36.2 19,86
12, 383. 720.  0, 93 3657, 36, 7 19 ,81
13, 573. 760. 0. 99 5947, 4 0 ,8  19,10
l’s , 565. 856. 1.03 4091. 42.0 19.51
15, 356. 934. 1,08 4189 , 43.6 19, ’s1
16. 387 , 1016. 1.12 4287. 44.6 19, 44
17 , 550, 1096 . 1.17 4347, 45,8 19,21
10, 350. 1172. 1, 21 8430. 87,1 19 .16
19 , 323. 1243. 1, 26 8898 , 88, 5 19.17
20. 317, 1515. 1.31 4584. 49,8 19 .05
21. 313. 1381. 1.35 4611. 50.7 19,05
22 , 309, 1444. 1,40 4657 . 51,9 19.02
25. 303. 1510. 1.85 8710. 53,8 10,68
28. 2~ 9, 1576. 1. 50 8787 . 53 , 9 18, 63
25. 298. 1640. 1.55 8608. 55.2 18.86
26 , 269. 1704 , 1.60 4691 . 56 , 3 16. 73
27 . 286 , 1768. 1,4.4 8928. 57,3 18, 45
26 , 282, 1832 . 1.68 4.921, 57.9  18. 57
29. 277. 1893. 1.73 8966. 59.0 10.34
50, 273. 1958, 1.18 8,51, 59.7 13.29 
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MAT E RIAL PVC—F SP 2—IC- 2
SAMP LE MASS AVG 16,0654
IMPOSED EXPOSURE CONDITION W ONFLAMIN G
FL u X 16.4 9/SQ. IN. (2.5 WJCM2), VERTICAL
DIMENSIO NS 3 IN. I 3 IN. 1 0.0625 IN.

AV E RAGE

TIME (MINI OS C0 (PPMV) C02(%) SSC (PPMV) NOX (PPMV) 02(5)

0, 0. 0. 0,00 0. 0.0 21.00
1. 4, 0, 0.00 12. 0.1 20.78
2. 30. 0. 0.01 131, 0.7 20,82
3. 54. 0. 0,02 329. 2, 8 20 , 94
4 , 94 . 0. 0.02 567, 3,5 20,88
5. 153. 0. 0.04 863. 3.6 20.75
6 , 223. 2. 0.05 1108. 3.5 20. 81
7 , 247 , 9. 0.06 1399. 3, 7 20.89
8, 260. 17. 0. 07 1678. 4,1 20. 83
9, 267 , 25. 0.08 18*7 . 4 .5 20. 85

10. 269. 32. 0.09 2103. 5.0 20.66
13. 24.7. 38. 0.10 2390. 5.7 20.83
12. 267. 46. 0.11 2569. 6.2 20.92
13, 24.6. 53, 0,12 2759. 6,8 20,82
14. 263. 62. 0.14 2927. 7.4 20, 88
15. 261. 71. 0.15 304.9, 8,0 20,70
16. 257. 79. 0.15 3144. 8,5 20.68
17. 252. 88. 0.16 3206. 9.0 20.70
18. 289. 98, 0.16 3271. 9,5 20.72
19. 247. 107. 0.17 3328. 10,1 20,64
20. 244, 115. 0.18 3350. 10,6 20. 63
21. 2111. 125, 0.18 3378. 11,2 20.63
22, 238, 133, 0.19 3363, 11.7 20,4.2
23, 235. 182, 0.19 3354, 12, 2 20,59
28 . 233. 150, 0.20 3315. 12.7 20.57
25. 230. 159. 0. 20 3251. 13 , 3 20.55
26. 228, 14.7, 0,20 3205 , 13,7 20,53
27 . 225 . 176, 0, 21 3179. 14,2 20.52
28. 224 , 188 , 0, 21 3135. 18,7 20.52
29 , 221. 191. 0. 21 3147 , 15 ,3 20 , 52
30. 219. 199. 0,22  3097 . 15, 8 20.52
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01, 1 ROD I U T . F O R M E D  FRO M A i -~ C-i

~0J~~ER FLAME EXPOST HE C O N D I T I O N S

MAT ERIAL AL — IC—i
SAMPLE MASS AVG 9,101~
IMPOSED EXPOSURE CONDITION FLAM ING
FLUX 16.4 9/SQ . IN. (2.5 W/CM2), VERTICAL
DIMENSIONS 3 IN. 1 3 15.

AVERA GE

TINEIMIN) OS C0(PPMV) CO2(I) P$C IPPMV) NOX (PPMV ) 021%)

0. 0. 0. 0.00 0, 0.0 21.00
1. 2. 5. 0.03 10. 1.2 20 , 99
2, 12, 54. 0,08 35 , 8,1 20 ,95
3, 20. 55. 0.12 48, 7.1 20.82
4, 27. 73. 0,18 55. 9,4 20,73
5, 33. 91. 0.23 66 , 11.3 20.70
4., 39. 111. 0.29 124. 12,7 20,59
7, 45, 126, 0.35 197. 13,8 20.49
8 , 50, 145, 0.38 284 . 14.1 20,55
9, 55, 162 . 0, 41 1113, 15.1 20. 44
10, 59. 183. 0,44 536 , 15.6 20 ,37
11. 63. 208. 0.47 667 , 15,9 20,38
12, 67, 233, 0.50 804, 16,3 20,23
15, 71. 262. 0.54 925, 16,1 20.33
14, 78. 292 , 0. 57 1049 , 17.0 20. 22
15. 77. 521. 0, 60 1161. 17,11 20 ,06
16 . 79. 358. 0.63 1308 , 17 .5 20.17
17 . 81. 393. 0.66 1433, 17.8 20.08
18. 64. 433, 0,69 1565, 18.1 2 0 . 0 6
19 . 65. 489. 0.72 1663. 18.3 19.95
20. 67. 558. 0.75 1766. 16,6 19.87
21. 69. 636, 0, 78 1649 , 18.8 19,88
22, 91. 730, 0.81 1931, 19.2 19,88
23. 92. 819. 0.84 2007. 19.3 19.78
24. 98. p08, 0.87 2079. 19.7 19 .70
25, 95. 1004. 0,90 2234 . 19.9 19.56
26, 96, 1105, 0.94 2502, 20 .1  19 . 58
27, 97, 1200, 0 .96 2368 , 20.4 19 , 51
28. ~6, 1278 , 0.99 21146, 20.7 19 ,37
29, 99. 1356, 1.02 2871. 20.9 19.51
30. 100. 11105, 1,05 2634. 21.2 19 ,44

11 4
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M AT ERIAL AL —1 C 1
tAMPL ( MA SS AVG 9.1910
IMP OSED EXPOSURE CONDITION NONFLAMING
FLUX 16.4 9/SQ . IN. (2.5 W/CM2), VERTICAL
DIMENSIONS 3 IN. I 3 IN.

AVERAG E

TIM ((MIN) OS C0(PPMV) C02(%) 14C(PPMV) NOX (PPMV ) 02(5)

0, 0, 0, 0.00 0. 0,0 21.00
1. 0, 0. 0,00 0. 0,0 21,00
2, 4.. 0, 0,00 0, 0,0 20.87
3, 18, 0. 0,01 9. 0,1 20, 92
4. 26. 0. 0.01 16. 0, 11 20 , 94
5. 30. 0. 0 ,01 22, 0, 7 20 , 82
6 , 38, 0. 0,01 26. 1,1 20, 80
7, 38. 0. 0.01 30. 1.5 20.85
8, 42, 0. 0,01 34, 1,7 20,85
9. 85, 0. 0,0 1 36. 2.0 20,86

10, 48, 1. 0.02 39, 2, 2 20 ,92
11. 51. 2, 0.02 40. 2.4 28,94
12, 54, 3. 0,02 92, 2.6 20, 93
13. 56. 8, 0,02 43. 2,8 20,92
14. 58. 5, 0.02 41. 3.0 20.98
15. 60. 6. 0,02 46, 5.1 20,93
16. 62. 7. 0.02 49. 3 .3  20 .80
17, 64. 9. 0,02 51. 3.5 20.86
18. 66. 10. 0.02 53. 3,7 20,94
19. 67, 11, 0 .02 54. 3.9 20.87
20 . 66. 12. 0 ,02 55. 4 .0  20.98
21. 70. 14. 0.05 56. 4 .3 2 1.00
22. 71, 15. 0,03 56. 4,5 21.00
23. 72. 16, 0 .03 57. 4 .6 21.00
24 . 73, 18. 0.03 59. 4,8 20.95
25. 74. 19. 0,03  60. 5.0 20.86
24.. 74, 20.  0 ,03  60. 5,2 20.61
27. 7’s , 22,  0,03 61, 5, 4 28 ,80
28. 75. 22, 0.03 62. 5.6 20,80
29, 75. 28. 0 ,03 62, 5,8 20.82
30. 76, 25. 0.03 62. 6,0 20.84
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T :ftle ‘U i l I

JMI 3US TION PRODUCTS _ FORMED E R OS A 1— i C — 2
W I DER ELAI’IE EXPOSURE CON DII tONS

MATERIAL AL—I C 2
SAMPLE. MASS AVG 8.11956
IMPOSED EXPOSUR E CONDITION FLAMING
FLUX 16.4 9/SQ . IN. (2.5 w/CM2), VERTICA L
DIMENSIONS 3 IN.  X 3 IN.

AVERAGE

TIME I M IN) OS CO (PPMV) C02 (%) HC (PPM V ) NOX( PPMV ) 02 (5)

0, 0, 0. 0.00 0. 0.0 21,00
1. 21. 6, 0.03 31. 1.8 20.80
2. 91. ‘46. 0,08  154 . 7,6 20, 77
3, 132. 69. 0,12 261. 10.7 ‘.62
8, 162. 86. 0,18 355. 13,1 20.47
5, 177, 103, 0,22 429. 15.0 20. 51
6. 185. 121. 0,27 896, 17.1 20.55
7. 188. 138, 0.31 551, 16,8 20.40
8. 187. 155. 0.36 595. 20.5 20.31

185. 172, 0,80 631. 22,3 20,36
10. 181, 187. 0.85 661. 24 .1 20. 23
11, 177. 203. 0.89 681. 25,4 20.31
12, 172, 212. 0.53 705. 27,6 20,27
13. 167, 229, 0,58 723, 28,9 20.09
18, 14.3, 247, 0.62 140, 30,4 20.04
15. 158 , 263. 0,66 761. 31.7 20 , 00
16. 154, 260. 0.70 766. 33.2 19,90
17. 150, 297. 0.78 779. 38.3 19,81
18. 186, 315. 0.78 786. 55.5 19.65
19. 183. 333. 0.82 795. 36.9 19.54
20. 14.0. 351. 0.86 805, 38,0 19.62
21. 138. 370. 0.90 814. 38.8 19.71
22, 185, 389. 0.95 819, 80.1 19.65
23. 133. 807. 0,~ 6 825, 81.1 19,71
24. 130. 825. 1.02 827, 81.9 19.4.7
25. 12g. 841. 1.06 828. 42.8 19.56
26. 126, 4.58. 1,09 827. 43.6 19.40
27 . 125. 473. 1.13 826, 48 ,2 19.35
28, 123. 888, 1,16 822. 85.1 19.25
2~~. 121. 503. 1,20 820. 45.7 19,18
30. 119. 518. 1.28 817, 46,4 19,11

11~
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TO i’ ::Liv

‘ N H  ‘STION PRODUCTS F O R MEI L ” RUM A : - 1 C — 2
005ER N O:I FL AME E X F ’ . U H F  C U D I T I O F J S

M AT ERIAL AL—IC— S
SAMPLE. MA SS AVG 6,8462
IMPOSED EXPOSURE CONDITION NONFLAMING
FLUX 16.4 9/SQ. IN. (2.5 W/CM2), VERTICAL
DIMENSIONS 3 IN. I 3 IN.

AVER AGE

TIMEIPIN) DS COIPPMV) C021%) NC IPPMV) NOX (PPMV ) 02(5)

0. 0, 0. 0.00 0. 0.0 21.00
1, 0, 0. 0.00 0. 0,0 20.78
2. 10. 0. 0.00 16. 0.4 20,69
3, 30. 0. 0,01 113, 2,6  20,75
4, 81. 1. 0.01 176. 3.8 20.73
5. 51, 3. 0.01 218, 4.4 20 , 60
6, 60, 3. 0.01 251, 4,9 20,62
7. 68, 8, 0,01 272. 5,3 2O ,6~
8, 75, 5, 0,02 288. 5,6 20.65
9, 80. 5. 0,02 302. 5.9 20 .67
10. 84. 6. 0.02 313. 6. 1 20.56
11, 88. 7, 0.02 325. 6.3 20.33
12. 90. 8. 0,02 330. 6.5 20,45
13. 93, 9. 0.03 33~ , 6.7 20,80
14. 98. 10. 0,03 346. 6.9 20.83
15. 96, 10. 0.03 351. 7.1 20.40
16. 96, 10, 0.03 355. 7,3 20.45
17. 97, 11, 0.03 359. 7,8 20.87
18. 97. 11. 0,03 34.0. 7.6 20.33
19. ~7. 12, 0,03 361. 1.8 20.37
20. 97, 13, 0, 03 363. 7,9 20.32
21, 97. 18, 0.03 363. 8,1 20.32
22. 96. 16. 0,03 362. 6.3 20.17
23. ~6. 15. 0,03 361. 8.5 20,02
2~ . 95. 15, 0,03 364, 8.6 20 .16
25. 98 , 14.. 0.03 359. 8.6 20.20
26 . ~ 3, 17, 0,03 560, 8,9 20.16
27. 93. 18. 0.03 357. 9,1 20.03
28, 92, 18, 0.03 355. 9.2 20,24
29. 92. 19, 0.03 351, ~,4 20.29
30. 90. 20, 0, 04 348. 9,5 20 ,29

117

4



Table XLV

SA M P L E  MASS DATA FOR N E O P R E N E  C O M P O S I T I O N S

Sample Mass (g)a Consumed Mass

Flame 1~Ionf1ame Flame Nonflame
M a t e r i a l  Exposure Exposure Exposure Exposure

BF’ 17.(7 18.114 12.73 11.22

17.77 18.15 13.22 13.19

FSF—1 114 .89 15.8 2

15 .9~4 114 .83

FSF—2 15.47 14.92 11.61 9.99
15.60 16.74 12.07 10.141

FSF—3 16.08 14.77 10.66 10.31
114.12 114.71 9 .79 9 .72

~The dimensions of foam specimens were 3 s r i . x 3 in. x
‘ r . .  (7.6 cm x 7.6 cm x 2.5 cm).

~The chars formed from some specimens could not be
r~~ overed corn~.lete1y. Therefore , the data in the
... ri:;umed mass column are incomplete.

_ _ _ _ _ _  
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COMOUST t ON PRODUC TS ±‘ ORMF D FROM FE
UNDER FLAME EXPOCURF CO::DITJO:I.~

MA T L 4 I A L  RF
SA MPLE PASS AVG 17.7082
IMP (~SLD EXPoSURE CONDITION FLAMING
FLUX 16.4 9/SQ. IN. (2.5 W,’CM2), V E RTICAL
DIMENSIONS 3 IN. X 3 IN. X IN.

AV Ek AGE.

TIM! (PIN) u S ~O (PPMV) C02(%) HCLPPMV ) NOX(PPMV ) 02(5)

0. 0. 0. 0.00 0. 0.0 21.00
1, 115, 19, 0,03 150, 0.7 20.56
2, 274. 91. 0.08 515. 2 ,3  20 , 54
3. 399, 187, 0,14 874. 4.0 20, 42
4 . 478, 280. 0,21 1279, 5,6 20.37
5. 522, 386, 0 .27 1773. 7.0 20.33
6, S’e8, 523, o,53 2229, 8,5 20,21
7. 559. 653, 0.39 2646. 9,7 20.17
8 . 560, 800. 0, 45 3053, 10.6 20,08

~b1. 939. 0.51 3413. 11,4 20,04
10. 556, 1052. ~,56 3712. 12.2 19.87
11 , 553. 1163, 0,62 3985, 13,0 19.80

554 , 1268. 0.68 4201. 14.0 19,66
13, 550,  1378, ~ , 75 4412. 14 ,8 19.51
14. 546, 1481, 0.81 462 7, 15,6 19,52
15. 544. 1585. 0,68 4828 , 16.3 19,50
16 , 540, 1683. 0.95 5017.  16,9 19 , 47
j7~ 533. 1772, 1.02 5183. 17.6 19.34
18, 527, 1660. 1,08 5341. 18.2 19,18
19. 520 , 1942. i,15 5489, 18,8 19 .12
20. 512. 2021, 1.21 5625, 19.4 18,90
21. 50~~. 2097. 1,28 5764. 20,0 18.87
22. 492. 2167. 1.35 5904. 20.8 18,65
23. 480, 2237. 1, 42 6002. 21,3 18 ,76

• 468 , 2307,  j~ 48 6116. 21.8 18 ,66
25. 456. 2371. 1.55 6214. 22.3 18,44.
26. 442, 2400. 1.62 6297. 22,8 18.35
27.  431. 2854 . 1.69 6376. 23.3 18 .26
26 . 416. 2505, 1.76 6437, 23.6 18.17
29 , 907 . 2555 . 1. 83 6505 , 24 .2 1~~.06
30. 395, 2593. 1, 89 6565. 24.6 17 .94
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~~~~ USTlCN ~P~ROD Vj TS EU RMED FROM BE
U’S R H- N 1~’LAME Ex iOs iRt ’: CONDiTION:

MA T E R I A L  BF
SAMPLE MASS A V G  16.1455
iMPOSED EXPOSURE CONDITION NONFLAM1NG
FLUX 16.4 W/SQ . IN. (2.5 W/CM2). VERTICAL
DIMENSIONS 3 18. X 3 18. 1 1 IN.

A V IR A G E

TIM(.IMIN ) OS CO (PPMV) C02(%) MC (PPMV) NOX (PPMV) 02(5)

0, 0, 0, 0,00 0, 0,0 21.00
1, 36, 0. 0,00 56, 0.1 20,79
2. 169. 11. 0.01 497. 0.4 20,78
3 , 271. 38. 0,03 662. 0,4 20,69
4 , 338, 83, 0,05 1243, 0.5 20,68
5, 402. 139. 0,07 1590. 0.7 20,67
6, 445, 196. 0.10 1939. 0,9 20 ,65
7, 871, 257. 0.13 2312, 1.1 20,56
6. 985. 329 , 0, 16 2532. 1,3 20.41
9, 893. 410, 0,19 2698, 1.6 20.40

10. 493. 493. 0.22 2811, 1.8 20,45
11 , ‘492, 592, 0.26 2891. 2,0 20,3?
12. 491. 684 , 0.29 2974, 2.2 2(’,35
13. 489, 783, 0,52 3038, 2, 4 2 0, 30
14. 466, 878, 0.36 3072. 2,6 20,26
15. 462. 965. 0,39 3108, 2,7 20,25
36. 477, 1057. 0,43 3121. 2.9 20,19
17, 473 , 114 5. 0.47 3165, 3,1 20,13
18. 471. 1233. 0.50 5174. 3,3 20,12
19. 465, 1324. 0.54 3219, 3.4 20,09
20. 463. 1409, 0,58 3234. 3,6 20 ,01
21. 835, 1898. 0.62 3274. 3,8 19,95
22 , 850, 1581. 0.66 3285. “.0 19,94
23. 443. 1666. 0.70 3301. 4.1 19,89
28. 438, 1742, 0,74 3320. 4,3 19,86
25, 827. 1818. 0.78 3314, ‘4.5 19,66
26. 419. 1890, 0.83 3316, ‘4.7 19.82
27 , 409, 1957 . 0, 87 3310. 4,9 19.80
26. 400. 2023. 0.92 3316. 5,0 19,71

390, 2081. 0. 96 3323, 5,2 19,63
30. 881, 2138. 1,00 3332, 5,4

.
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C M:- :’’U S ’l EO {-U T,’ ‘ ‘ ) E M E D k M  ~ • ‘ . ‘ ‘‘ —1

UNDER F L A M E  E X F O S 1 J R E  C O N D I T I O N S

MAT I !1IAL FSF— L
$AMPLI MASS AVG lf.’4184
TMPGSLO 1XPOSUR~ CONDITION FLAMIi~G
FL UX i~ 4 .- ‘

~ - . ;#. (2.5 w CM2), VERTICAL
~~~~~~~~~~~ cc, 3 ‘ 1 3 IN. x 1 IN.

A V Lk A

T !ME MIN)  OS C O ( P P M V )  C 0 2 ( 5 )  I4C (PPMV) NOX (PPMV) 02(5)

0 . 0. 0. 0.00 0. 0 .0  21.00
1. 117, 38. 0. 07 284 , 1,4 20.80

253, 145. 0,14 761. 2.8 20,75
3 . 347. 250. 0,22 1157, 4.2 20,67
4. ~03. 366. 0, 31 1525. 5.5 20 ,52
5. 438. 899. o,39 2010. 6,6 20.35

459, 649. 0.47 2374, 7.6 20,15
7, 464. 819. 0,55 2695. 8.5 20.11
8, 470. 951. 0.63 2899. 9,4 20.10
9. 883 , 1074 . 0.71 3095. 10.2 19,96

10 , 495, 1187. 0,80 3299, 11.2 19,78
11 . 500. 1298, 0.88 3476, 12,0 19.60
12. 501, 1402. 0,97 3628, 12.8
13. 494. 1505. 1,05 3715. 13.6 1°.45
14, 485, 1602, 1,14 3796. 14.3 19.26
15. 873. 1694, 1,22 3823. 14,9 19.13
16. 859, 1778. 1.30 3854, 15.6 18.99
17. 884, 1857. j~~39 3857, 16.2 1~~,86
18. 429, 1935. 1,47 3857. 16,8 18.77
19, 411. 2006. 1,56 3850. 17.4 18,64
20. 397, 2078. 1.65 3835, 18.2 18 .53
21. 363, 2146. 1,73 3823. 18.8 18,41
22. 568, 2208. 1.61 3616. 19.2 18,33
e3. 353. 2270. 1,90 3797. 19.8 18.13
24. 341. 2531. 1,97 3762. 20,2 18,04
25. 329. 2387. 2.06 3774, 20.7 17.94

317. 2441. 2,13 3752. 21,2 17,60
27. 508, 2495, 2,22 3733. 21.7 17,68

297, 2553, 2,29 3718. 22.0 17.50
29. 288, 2613. 2.36 3691. 22. 8 17.40
30. 280. 2674. 2.43 3667, 22.9 17.80
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‘:‘~ ~

-~ MFU. ’TI - H i ) I t  TS ~~RMED FE
UNDER ~k .HFSAME X !’O~’ I .iRE C O N D I  T I O N S

MAT !14IAL FS~ — 1
cAMpLI MASS AVG 15.3274
IMPOSED E.XPC’SURE CONDITION NONFLAMING
FLux 16.4 9/SQ. I~ . (2.5 W/CM2). ~L~ T IC A L
DIME NSIONS 3 IN . I 3 IN. I 1 IN.

AVL ~~A &E

TIMEIMI F~) DS cO PPMv) C02(%) ,.4C(PPMV) NOX (PPMV ) 021%)

0. 0. 0, 0.00 0. 0.0 21,00
1. 76, 1. 0.01 238. 0.1 20,92
2 . 190 , 31, 0, 02 706.  0. 3 20,90
3, 283 , 109. 0,06 1217. 0.5 20.85
4, 350, 197. 0.11 1671. 0.8 20,64
5, 395, 288, 0.17 2168. 1.1 20 ,52
6 , 429. 384 . 0.21 2570. 1.3 20,44
7. 852, 498, 0.26 2607. 1.6 20,42
8, 971, 619. 0,31 3030. 1,8 20,54
9 . 487, 748, 0,37 3219, 2,0 20,27
10. 499, 905. 0,42 3373, 2,2 20,13
11 , 504, 1037. 0,47 3485. 2,4 20,15
12. 506. 1177. 0,53 3608, 2.6 20,08
13, 501, 1307. 0.59 3665. 2.8 19,90
14 . 493. 1438 , 0, 65 3721 . 2,9 19 ,85
15. 480. 1560, 0,71 3752. 3.0 19,90
16. 466, 1668, 0.77 3780. 3 .2 19,89
17. 449. 1767. 0,84 3762. 3,3 19.80
18. 432, 1860, 0.89 3761. 3, 14 19.79
19. 416. 1950. Q,97 3754 . 3.5 19,74
20. 401. 2034. 1.02 3743. 3,7 19 ,76
21. 388. 2119, 1,08 3718. 3.9 19.68
22. 378, 2200, 1.14 3686. 14.0 19,63
23 . 369, 2282. 1,20 3659. 4.2 1~~,58

361, 2360, 1,26 3647. - 4,3 19.47
25. 354. ~41’4. 1,31 3611. 4.~, 19.41
26. 348, 2515, 1,37 3576. 4,b 19.32
27. 341. 25’~9, 1,43 3549. 4,8 1~~.26
28 . 3 314 , 2681, 1,89 3502. 4,9 19,19
29. .326, 2763. 1,54 3856. 5.1 19,09
30. 318. ‘857. 1,61 3433, 5.3 18,98

• a
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cOr~1B1 :TI -H HOI NCI ’, ’ FOEMEL . FR :: FSP—2
PMflEF~ F L A M ~ E X T  -:~ VHS C’ . - U L ) I ’:’ ;

MAT ER IAL FSF-2

~ AM PL( MASS A V G  15.5350
IMPosFO E XPOSURE CONDITION FLAMING
r~ux ~~~ w~~’~ ) IN. (2.5 W/CM2). V E R T I C A L
DI ME’~S1ONS 3 IN. 3 IN. x 1 IN .

AV LPAOI .

1IM E(MI~.) US CO (PPMV) C02 (%) HC (PPMV ) NOX(PPMV ) 02(S)

0. 0. 0. 0.00 0. 0,0 21.00
1. 109, 27, 0.04 173. 1.7 20.70
2. 272, 104, 0,09 ~455• 4 , fl 20,61
3. 383, 186, 0,16 706. 5.8 20 .57
4, 451. 269, 0, 23 963. 7.5 20,47
5, 1.94, 363, 0,29 1217. 9.1 20 ,40

519. 461, 0.36 1473. 30,14 2C~,587. 526. 577 . 0.43 172 14 . 11, 5 2 0 , 47
8 , 529. 680. 0.49 1905. 12.4 20.36
9, 520. 800. 0.56 2106. 13 ,5 20,25
10, 526. 902, 0.63 2 2 4 0 ,  1’4 .’4 20,23
11. 529. 1006 . 0, 70 2 35 u ,  15 , 4 2 0 , 17
12 ,  532 , 1104 . 0.77 2428, 16.3 20.08
13. 529. 1206. 0.84 2499, 17.1 19,85
1’4. 522, 1299, 0,92 2591. 18.0 19,84
15. 513. 1391. 0.99 2630, 18 .7 19.83
16, 503. 1477, 1,06 2693, 19.5 19,69
17. 494, 1560, 1,13 2736, 20 ,3 19.60
18. 486, 1639. 1.20 2754. 20.9 19,56
19. 478. 1713 . 1.26 2777. 21,7 19,45
20. 467. 1786. i,34 2783, 23.4 19 ,36
21. 859, 1653. 1,41 2804. 24.’4 19,26
22. 499. 1916. 1.48 2819. 26.1 19,17
23. 440. 1977. 1.~~5 2813. 27.0 19.11
24, 431. 2034. 1.62 2832, 27,8 19 ,01.
25. 422, 2089. 1.69 2846. 28,5 18,96
26. 413. 21’40. 1.76 2850. 29.1 18,86
27. 404. 2189. 1.83 2840. 29.8 18,80
28. 394, 2237. 1,90 2654. 2’ .~ 1~~.76
29. 564 . 2283 , 1,96 2850. 28,0 18,72
30. 375, 2325, 2.03 2857. 28.4’ 18,57

1 2 3
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.-:Th ’STI_( i N  PRODUCT S F ORMED FR N
N~DER NONFLAME EXPO SURE COND TTr N:

MA I FRIAL  FS~~—2
SAMPL E MASS A V G  15.8328
INP~)S(O LXPOStJ RE CONDITI ON NONFLA MING
F E L IX 16.4 9/SQ . IN. (2.5 W/CM2) , V E R T I C A L
[lI.MF’~S!ONS 3 I’.,. I 3 IN. I I IN .

AV E RAG E

TI ME(’~IN ) OS C0 (PPMV) C02(U HC(PPMV ) NOXU’PMV ) 07(8)

0. 0, 0. 0,00 0, 0.0 21.00
1. 49 . 0. 0.01 62. 0.6 20.86
2, 164. 16. 0,01 320. 1,7 20,77
3, 256. 54. o.03 557, 2,2 20,64
4, 322 , 107, 0,05 825. 2.6 20.68
5, 378, 169, 0,08 1097. 2.8 20,66
6, 414 , 235. 0,11 1341. 3,) 20.54
7, 836 , 302. 0,15 1579. 3.2 20.53
8, 454, 381. 0,18 1779 , 3,4 20.49
9, 470. 468 . 0,22 1916 . 3,6 20,3b
10. 479. 555. 0,25 2040, 3,8 20,2T
11 . 484, 654. 0.29 2181. 4.0 20.11
12. 483, 753. 0,53 2244. 4 , ” 20.10
13 . 480. 877, 0,37 2339. ‘4 .5 20.11
14, 477 . 977 . 0, 41 2403 ,  14 .7 19,97
15. 472, 1079, 0,45 2458, 5.1 19.89
16 , 470. 1183. 0.50 2525. 5.~ 19,87
17. 964. 1286, 0.54 2568. 5.6 19.84
18. 458. 1385. 0,59 2593. 5,9 19.85
19. 4149. 1486, 0,65 2610. 6.1 19,71
20. 839 . 1578, 0.69 2651. 6.4 19.57
21 , 430. 1667. 0,75 2658, ~ ,6 19,50
22. 421. 1749, 0.80 2665. 6.~ 19.50
23. 1.11. 1825, 0.85 2670. 7,1 19.48
24 . 401. 1893. 0,90 2667 . 7 . 4 19.83
25. 592. 1957. 0,94 2672. 7,6 19.35
26 , 363. 2018. 0, 99 2669 , 7~ Q 19,29
27 . 373 . 2068 ,  1,03 2653, 6,0 19 .26
28 . 364 . 2119. 1,07 2650, 8,’
29 , 355. 2163. 1,11 2626, 8,5 19 .28
30 .  346, 2203 . 1.15 2630. 8.7 19.25
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‘ri~ i-

H~~~~~i.. N k E O J ) i  C~~~~~~~~ED FRQM F[’V-~
UNDER F LAME E X P O S L R E (’c N [)~~~icj~~

bATF R IAL FS~ — 3
SAMPLE MASS AV G  15.1045
TMPOSEO t.XPOSUNL CONOITION FLAMIN G
FLUX 16.4 9/SQ . IN. (2.5 W/CM2), VERTICAL
DIMENSIONS 3 IN. I 3 IN. I 1 IN.

AV IPA UC

TI~ f (MIN ) OS CO (PPMV) C021%) HCIPPMV) NOX (PPMV ) 02(8)

0, (I. 0. 0.00 0. 0.0 21.00
1. 97. 13, 0.03 147. 1.7 20.81
2 . 239. 63, 0.08 895, 3 .9 20 , 63
3, 3414. 167. 0.15 826, 5.3 20,56
‘4 . 415. 251. 0.22 1207. 6,9 20.50
5, ‘461, 357. 0.30 1527. 8,5 20,39
6. 481. 471. 0.37 1778. 9.8 20.28
7, 490. 603. 0, 45 2062. 31.0 20,16

492, 727. 0,52 2247, 12.1 20,05
9, 1497. 832, 0.60 2831, 13,2 19,98
10. 505. 935. 0.68 2584, 14.3 19,93
11. t~o8, 1035. 0.76 2737. 15.14 19,77
12. 509, 1128. 0.83 2869. 16.3 19,61
13. 510. 1222. 0.91 2989. 17,3 19,50
1” . 507 . 1311. 0.99 3103. 18.6 19,37
15 . 504. 1397. 1.07 3195. 19.5 19.33
1*- , 497 , 1481. 1.14 3259. 20.3 19.21
17. 492, 1562. 1.22 3345, 21,2 19,13
344 , ‘4b1 . 1636. 1,29 3398, ~1.9 18,99
1q , ‘471, 1710. 1.37 3443. 22.7 18.85
2fl , 459, 1780. 1,44 3493. 23.4 18.82
21. 448 , 1644. 1.52 35142, 24.5 18.77
2?. 1435. 1907. 1.59 5577, 25.2 18.56
2 3 , ~~~~~ 1964. 1,67 3601. 25.9 18,47
2’s, 412, 2017. 1.75 3631, 26,5 18.37
25. ~02 , 2072. 1.82 3672. 27.3 18,24

391. 2121. 1,89 3680. 27,9 18.17
27 . 381. 2166. 1,96 3713. 28,5 18,06
26. 371. 2208 ,  2.03 3731, 29,1 17,95
29, 363. 2249 . 2 , 09  3755 , 29,7 17,88

353, 2289. 2,16 3773 ,  30 , 3 17 , 75
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T L- le  L I ~~

:~~‘:TN FORMED H~
IN : EH N- :~H:.AN T X - .~UR E CO E D T T N .

W87t441A1 FSF-3
rAMPLI SASS AVG 18.7400
1~ POSLD IXPflSURE CONDITION NONFLAMING
FLUX 16.4 9/SQ. IN. (2.5 W/CM2), VERTICAL
DIMENSIONS 3 IN. X 3 19. 1 1 IN.

A V IRA GE

1181(814) OS C0 (PPMV) c02(%) HC (PPMV ) NOX (PPMV ) 02(8)

0. 0, 0. 0.00 0, 0,0 21.00
1, 47 ,  1. 0.01 96, 0.3 20,74
2 . 146. 12, 0,02 361, 1,1 20,69
3, 238. 59. 0.05 668 , 1,5 20,71
‘4 . 319. 125. 0,09 958, 1,8 20 ,64

373, 196, 0.13 1253, 2.1 20,54
6, 417. 268. 0, 18 15142, 2.3 20,49
7, ‘448. 354. 0,23 1770, 2.7 20.36

478, 451. 0,28 1966, 3.0 20,34
9. 506, 551. 0. 33 2168, 3,3 20,27
10. 522. 677, 0,38 2302, 3.7 20 ,27
13 . 528. 806, Q,44 2425 . 9.1 20,23
12, 551, 920, 0,50 2505, 4,6 20.16
13. 524. 1033. 0,55 2619, 5,1 20.23
l’s. 515. 1142, 0,61 2625. 5,6 20,07
15. 506. 12147, 0.67 2667. 6,0 20,05
16, 487. 131.5. 0. 72 2697, 6.3 20,03
17, 976. 1437. 0,78 2701, 6,7 19,93
18. 86’s. 1522. 0,83 2718. 7.0 19,87
19, 453. 1598. 0.88 2712. 7,4 19,81
20. 443. 1663. 0,98 2718. 7.7 19,82
21. 433. 1735. 1.00 2706. 7,9 19,79
22, 424. 1790. 1.04 2718. 8,2 19,64
23, 415. 1850. 1,09 2693. 8,4 19 , 58
2”. 406. 1597, 1.13 2703. 8,7 19.57
25. 398. 1944. 1.17 2670. 8,9 19,45
26. 391. 1993, 1,21 2669, 9.2 19,41
21. 582. 2025. 1.25 2683, 9,4 19.38
28 , 373. 2069, 1.29 2642. 9.6 19,31
29 , 365. 2107.  1,33  2631, 9,8 19 ,36
30. 359, 2131, 1,37 2622. 10.1 19,28
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formed from the flame- and smoke-retardant polymer compositions , burned under
l aboratory—scale f i re  test conditions, were generally lower than those observed
with the reference polymer composition. However , these addi t ives  enhanced carbon
monoxide formation and the rate of flame propagation.

Four intuinescent coatings of different types were evaluated with the PVC composi-
tions. An alkyd-based intuinescent paint exhibited best performance. It had no
significant effect on smoke formation, and it reduced the formation of CO and the
rate of flame propagation.

Ferric acetylacetonate and poly(ammoniuin phosphate), incorporated into neoprene
foam , reduced smoke optical density under flame exposure conditions only 10%.
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