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ABSTRACT

Experimental neoprene rubber compositions were prepared to investi—
gate the feasibility of reducing smoke formation and improving
other fire performance characteristics with Incorporated additives.
Specimens were tested in an NBS smoke density chamber under flame
and nonflame exposure conditions. The smoke optical density and
the concentrat ions of CO, C02, NOR, hydrocarbons, hydrogen chloride
and hydrogen cyanide were monitored during these tests.

Ferric acetylacetonate by itself and in combination with poly—
(ammonlum phosphate) reduced smoke optical density generated from
neoprene foam under flame exposure conditions by approximately 10%.
Cupric acetylacetonate, another candidate char format ion catalyst
evaluated in this work, catalyzed thermal degradat ion of the neo-
prene foam .

Ferric acetylacetonate catalyzed the formation of CO under non—
flame exposure conditions. This catalytic effect was destroyed
by Incorporating poly(ammonlum phosphate) with ferrlc acetyl—
acetonate .

Crosslinking catalysts more effective than those used in the
presently reported work are needed to reduce smoke format ion
from neoprene foam significantly.
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1. INTRODUCTION

Means for enhancing the fire safety of two polymeric materials,
plasticized polyvinyl chloride (PVC) and neoprene , are investi—
gated in this program. The preceding two reports (Ref. 1 and 2)
summarized results obtained with PVC .

The successful approach to smoke retardance of PVC, entailing the
incorporation of ferric and cupric acetylacetonates as char
formation catalyst precursors, was evaluated on the neoprene foam
rubber system. The use of poly (amznonium phosphate) (Phoschek P_ 30®)*
in conjunc tion with t he metal acet y lacetonates, was also explored.

The procedures for preparing the needed compositions are described.
A method for encapsulating Phoschek P—30 into partially hydrolyzed
ethylene—vinyl acetate copolymer was developed , to prevent coagu-
lation of the neoprene rubber latex by the poly(ammonium phosphate).
The encapsulation procedure Is also described. The results of
tests pertaining to the formation of smoke and gaseous degrada—
tlon and combustion products are reported.

2. EXPERIMENTAL

Numerous formulations have been used for the preparation of neo-
prene foam (see Ref. 3 for examples). An isocyanide—modifled foam,
based on Neoprene Latex No. 357 produced by the duPont Company , was
used as the base formulation because of its relatively good f ire
resistance (Refs. 14 and 5). This composition contains aluminum

• hydroxide as the filler. It has been shown in a recent investiga-
tion (Ref. 6) that aluminum hydroxide enhances char formation from
neoprene, with a concomitant reduction of heat release during the
thermal degradation.

Phoschek P—30 was Incorporated into the latex formulation to en-
hance the fire resistance of the foam . This additive was expected
to exert fire—inhibiting action by two mechanisms : (1) by supply-
ing flame—Inhibiting phosphorus—containing species , and (2) by
forming a protective polyphosphate coating on the surface of the
degrading polymer.

2.1 EXPERIMENTAL NEOPRENE FOAM COMPOSITIONS

2.1.1 Preparat ion

In exploratory , small—scale experiments with fire— and smoke—
retardant additives, the recipe reported in Ref. 14 served as the
starting composition. The effects of Incorporated fire— and

fleglstered trademark of Monsanto Company .
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• smoke—retardant additives upon foam processing and curing charac—
teristics were investigated. Processing and curing procedures
were modified , as predicated by the effects of the incorporated
FSR additives. Procedures were established for larger scale
preparation of experimental compositions for fire performance
testing.

The following is a brief descrIption of the base foam (BF) prepar-
ation procedure (see Ref. 14 for additional details). One hundred
sixty-seven and seven tenths grams of Neoprene Latex 357 (E. I.
duPont Company, Elastomer Chemicals Department) of 60% total solids
content was used. The quantities of the other reagents are given
with reference 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• (E.  I. duPont Company , Elastomer Chemicals

- Dept.)
Triton X—l00, diluted to 30% active IngredIent 3.00

(surfactant from Rohm and Haas Company )
Dreslnate 91 1.50

(sur factant from Hercules , Inc.)
a Thiocarbanilide , 33% 3.00

( Monsanto Company , Rubber Chemicals Dept.)
Ball—milled dispersion prepared from:
Thiocarbanilide 100

a 10% Solution of Daxad 11 30
10% Solution of ammonium caselnate 30
Water 140
Daxad 11 and aminonium caselnate are
surfactants ava ilable from Dewey and
Almy Chemical Company, and Shef field Chemical ,
respectively)

Tepidone, 23.5% active ingredient , prepared 1.00
by dilut ing the 117% commercIal
composition with water
(E. I. duPont Company , Elastomer Chemicals
Department)

Diethanolamine 0.25
Pigment masterbatch 15.83

Ball—milled dispersion prepared from
Zinc oxide 100.0
Antox N 26.6

(Antioxidant from E. I. duPont Co.
Elastomer Chemicals Department)

Marasperse N—22, 10% solution 12.7
(surfactant from American Can Co.
Chemical Products Division)

Water 72.2
Antimony oxide 4.40

2
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The above components , except for antimony oxide, were agi-
tated until a uniform mixture was obtained. Subsequently,
the latter compound was incorporated and the mixture was
again stirred well.

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

3. Alum inum hydrox ide, 20.00 parts (Hydral 710, Aluminum Company
of Amer ica , Chemical Division) was added while the dispersion
was stirred rapidly.

LI . N—MethyldiethanolamIne hydrochloride solution, 23.8%, was
added to bring the pH into the range of 10.8 to 11.2 Sub-
sequen tly, N—methyldlethanolamlne (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. Amxnoniuin caseinate surfactant 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
frothed with air at high whipping speed for 8—10 seconds to pro-
duce a foam of approximately the desired density. Subsequently ,
the speed of agitat ion was reduced for further ref ining of the
foamed dispersion. Finally, polymethylene polypheny l isocyanate
(PAPI) and sodium silicofluoride were added. The following
amounts were used:

PAPI (from Upjohn Company ) 114.00
Sodium silicofluoride dispersion 13.33

Ball—milled dispersion prepared from
Sodium silicofluoride 100
Bentonite clay 2
10% solutIon of NaOH 5
Water 226

PAPI and the sodium silicofluoride dispersion were distributed
rapidly over the entire surface . These ingredients were blended
into the foam at the refining speed within 90 seconds . The
b lended foam, including all ingredients, was poured rapidly into
a 5 in. x 10 in. x 1! In. mold, In which it was allowed to set up
at room temperature. Approximately four hours were allowed for
that stage of the preparation. The water—containing open—pore
foam slab was then dried and cured for 12 hours in an oven main-
tairted at 120—125°C.

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

a
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FSF— l, containIng 5 phr ferric acetylacetonate
FSF-2, containing 10 phr of Phoschek P—30
FSF—3 , containing both additives at the Indicated concen-

trations. The FSR additives were incorporated into the frothed
formulation before the addition of PAPI and sodium silicofluoride .

The encapsulated Phoschek P—30 contained 80 wt—% poly (ammonlum
phosphate)and 2o wt—% of the encapsulating polymer. The 10 phr
Phoschek P— 30 content of FSF—2 refers to poly(ammoriium phosphate).

2 . 1 . 2  Observations and Conclusions

All  additives incorporated into the base formulat ion a f f e c t e d  the
set—up and curing characteris t ics  of the foam . Some candidate
smoke—retardant compositions conta in ing  cupric acetylacetonate
were prepared in the initial phase of the work . This additive
accelerated the set—up at room temperature , allowing only 145
seconds for the final mixing as compared with 90 seconds for the
base formulation . When it was learned that this additive also
catalyzed thermal degradation of the neoprene polymer at the oven
cur ing temperat ure, its use was abandoned .

FerrIc acetylacetonate retarded both gellation and the rate curing
at the elevated temperature . The FSF—l formulation was mixed for
four minutes before pouring into molds . Since tw elve hours of
cur ing t ime were needed for th is formulation , other compositions
were also cured for the same duration .

Phoschek P— 30 lowered the pH of the frothed foams and greatly
accelerated the gellation . To enable incorporation of this fire
retardant , it was encapsulated , into partially hydrolized ethylene—
vinyl acetate polymer. The encapsulation procedure is reported
in Section 2.3. With encapsulated Phoschek P—30, a mixing time
of 60 seconds could be used for the FSF—2 composition .

In the FSF— 3 composition, the effects of ferric acetylacetonate and
Phoschek P— 30 were counteractive . Ninety second final mixing time
was used, which is identical with that for the base formulat ion
(BF).

Higher concentrations of the surfactants Aquarex WAQ and Triton—lOO
were used in the present work than foun d opt imal with the base
formulation (see Ref. 14). The Increased concentrations were
essential to stabilize the frothed foam prior to set—up .

It was experienced during the small scale 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.

a 
LI
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2.2 PREPARATION OF NEOPRENE FOAM SPECIMENS FOR FIRE PERFORMANCE
TESTIN G

To prepare test specimens for fire performance testing, the quan—
titles listed for the recipe In Section 2.1 were quadrupled. The
mixing and frothing operations were conducted with a Hobart mixer ,
equipped with a 5—gallon bowl. The forthed foam was poured into

• 20 in. x 7.5 in. x 2.5 In. cardboard molds , lined with polyethylene
film. 18 in. x 6 In. x 1 in. and smaller specimens were cut from
the cured foam slabs, using a bandsaw that was equipped with a
thin-edged , sharp blade .

The sample frothing and refining times were 13 sec and 10 minutes ,
respectively, during the preparation of test specimens. The mix-.
ing times, after the addition of PAPI and sodium silicofluoride ,
were as follows: BF, 120 see; FSF—l , 360 sec; FSF—2 , 90 see,
and FSF—3, 90 sec.

• The set—up time in the molds was 1 to 14 hrs at room temperature .
The samples were removed from the molds and air—dried at room
temperature overnight. All samples were subsequently cured in an
oven at ~.12l°C for 12 hours. The densities of cured specimens
ranged from 6.3 to 7.7 lbs/cu ft.

2.3 ENCAPSULATION OF PHOSCHEK P—30

The following procedure was used for the encapsulation of Phos—
chek P—30, to prevent coagulation of neoprene latex upon the

• addition of this phosphorus—containing fire retardant . This
procedure was adapted from a patented process (Ref. 7), that
utilizes partially hydrolyzed ethylene—vinyl acetate as the en-
capsulating material.

Three liters of reagent grade toluene , contained in a 14—llter
beaker,  was heated to 85°C. A water bath was used for the heat-
ing. Thirty—five grams of partially hydrolyzed ethylene—vinyl
acetate polymer (60/140 E/VA , 14 14% hydrolyzed) was added. With
continuous st irring, the dissolution of the polymer required
about two hours.

After the polymer has completely dissolved , 250 ml of cotton-
seed oil was added. The solution was then allowed to equilibrate
thermally with the bath.

Three hundred and fifty grams of Phoschek P—30 (sieved previously
to >200<100 mesh size) was added , while providing efficient agi-
tation.

• 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 110°C.

5
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When the capsules had formed and the temperature had been lowered
to below 20°C, 50 grams of Mondur CB—75 isocyanate was added to
form a crosslinked polymer surface—network . Stirring was con—
tinue d at room tempe rature for 214—36 hours to attain the desired
craosslink density.

After the preparation , the encapsulated Phoschek P—30 was allowed
• to settle. The supernatant solution was decanted. The capsules

were washed twice , with agitation , using additional quantities
with toluene.

2 . 14 TEST METHODS FOR THE FORMATION OF SMOKE AND GASEOU S
COMBUSTI ON PRODUCTS

An analysis system capable of continuous measurement of CO , CO2,
NOR, total hydrocarbons and oxygen (Ref. 8) during the burning
of polymers was used in conjunct ion with smoke measurements.
This system , designed and constructed at Monsanto Research
Corporation (MRC), is connected to the NBS—Aminco smoke density
chamber , that is ut ilized for the burn ing of samp les under con-
trolled conditions. The apparatus and the test methods were
described in some detail in a preceding quarterly report (Ref. 1).
The sample sizes and the test conditions were identical with those
specified in that report .

3. RESULTS AND DISCUSSION

a 3.1 FORMATION OF SMOKE

The pr imary objec tive of the present program is to lower smoke
formation from burning PVC and neoprene polymer compositions.

• Concom itan tly , enhancement of other f ire performance character-
istics (e.g., reduct ion of the rate of flame propagat ion) will
be sought.

The results of smoke optical density measurements with the
neoprene compositions are presented in Figure 1 and in Table I.
Ferric acetylacetonate by itself and in combination with Phoschek
P—3 0 reduced the smoke optical density generated from neoprene
foam under flame exposure conditions by approximately 10%. Under
nonflame exposure conditions , the smoke optical density was
slightly increased by the incorporated additives. The data for
all neoprene foam compositions evaluated in this program indicate
their high propensity for smoke formation.

More effective crosslinking catalysts for the thermal degradation
stage are needed than those used in the presently reported work .

a 6
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Figure 1. Smoke Optical Densities During the Burning of Experi-
mental Neoprene Foam Compositions
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Table I

SMOKE OPTIC AL DENSITY RESULTS SUMMARY
• I •

‘ FOR NEOPRENE FOAM COMPOSIT ION S~

Smoke Op t ical  Density Time to Ma ximum
F’l ame Exposure Nonflame Exposure SOD (miri )
10 20 10 20 Flame Nonflame

F- t t e r ia l  mm mm Maximum ~jj~ mm Maximum Ex p osu re Exposure
BF 560 510 560 1190 1460 1190 9 9

‘~SF— l~ 1490 1400 500 500 1400 510 12 12

F’SF—2~ 530 1470 530 1480 1440 1480 12 11

• F’SF— 3~ 500 1160 510 520 14140 530 13 12

~Meas urements conducted wi th  7.6 cm x 7.6 cm x 2 .5  cm specimens
in vertical orientation. Imposed energy flux in the center of
the samples 2 . 5  wat ts /cm2 . Foam density 7.0±0.7 lbs/cu ft.

b—Contained 5 phr f e rr ic  acetylacetonate
- 9-Contained 10 phr enc~~ sulated Phoschek P—30

~Contained 5 phr ferric acetylacetonate and 10 phr encapsulated
a Phoschek P—30

i
t
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P 3~2 FORMATION OF GASEOUS COMB USTION PRODU CTS

The results of gaseous combustion products measurements are
summarized in Tables Il-Vu , and presented graphically in Figures
2—7 in the Appendix. The following are the noteworthy findings
pertaining to these measurements.

Ferric acetylacetonate alone Increased carbon monoxide formation
from neoprene foam under the conditions of nonf lame exposure by

~~~ However , when this char formation catalyst precursor was
used together with Phoschek P— 3 0 in FSF— 3, the catalyt ic  e f fec t
for CO formation was destroyed. Ferric acetylacetonate had no

• adverse e f f ec t  on CO formation under flame exposure conditions .

Carbon dioxide formation was slightly enhanced by the incorporated
additives under both flame and nonflame exposure conditions .

The formation of hydrocarbons was reduced by ~LI5% by the Inc orpor-
ated additives In tests conducted under flame exposure conditions .

Smal l amount s of hydrogen cyanide we re formed from the neoprene
foam compositions used in this work. The incorporated poly—
methylene polyphenyl isocyanate may have been the major source of
this degradation product . It is noteworthy that ferric acetyl—

• acetonate, in the absence of Phoschek P—30 , reduce d the formation
of hydrogen cyanide without a concomitant Increase of nitrogen
oxide .
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Table II

SUMMARY OF CO CONCENTRATION DATA FOR SELECTED TIMES
FOR NEOPRENE FOAM COMPOSITIONS

CO Concentrat ion (ppm) Time to Maximum
CO Concentration

Flame Exposure Nonhlame Exposure (mm )

• 10 20 10 20 Flame Nonf lame
Material mm mm Maximum mm mm Maximum Exposure Exposure

BF 1050 2000 2600 1490 11100 2100 30 30

FSF—2 900 1800 2300 550 1600 2200 30 30

FSF— 3 930 1800 2300 680 1650 2100 30 30

FSF— l 1200 2100 2700 900 2000 2900 30 30

Table III

I

SUMMARY OF CO2 CONCENTRATI ON DATA FOR SELECTED TIME S

FOR NEOPRENE FOAM COMPOSITIONS

Flame Exposure Nontlame Exposure (mm )

Time to Ma ximum
COZ Concentration (~~ co2 concentration

10 20 10 20 Flame Nonf lame
Material win miri Maximum m m  mm Maximum Exposure Exposure

HF 0.56 1.15 1.89 0.22 0.58 1.00 30 30

FSF— 1 0.80 1.65 2.143 0.142 1.02 1.61 30 30

a FSF 2 0.63 1.34 2.03 0.25 0.69 1.15 30 30

J FSF— 3 0.68 1.11 11 2.16 0.38 0.911 1.37 30 30

j 
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- Table IV

SUM MARY OF NO~ CONCENTRATION DATA FOR SELECTED TIME S
FOR NEOPRENE FOAM COMPOSITIONS

NO~ Concentration (ppm) 
Time to Maximum
NOx Concentration

Flame Exposure Nonflame Exposure (mm )
10 20 10 20 Flame Nonflame

M tterial mm mm Maximum mm mm Maximum Exposure Exposure

BF 12 19 25 1.8 3.6 5.14 30 30
FSF— 1 11 18 23 2.2 3.7 5.3 30 30
FSF— 2 114 23 30 3.8 6.14 8.7 27 30
FSF— 3 114 23 30 3.7 7.7 10.1 30 30

- 1  1 Table v -

.I SUMMARY OF HYDROCARBONS CONCENTRATION DATA FOR SELECTED TIME S
• FOR NEOPRENE FOAM COMPOSITIONS

-
• Time to Maximum

Hydrocarbons Concentration (ppm) ~~~~~~~~~~~~~~~
Flame Exposure Nonfiame Exposure (mm )
10 20 

• 10 20 Flame Nonflame
Material mm mm Maximum mm mm Maximum E,çposure Exposure

• BF 3700 5600 6600 2800 3200 3300 30 30
FSP— 1 3300 3800 3900 31400 3700 3800 20 17
FSF—2 2200 2 800 2900 2000 2700 2700 27 21
FSF— 3 2600 3500 3800 2300 2700 2700 27 21

11
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Table VI

SUMMARY OF HC1 CONCENTRATION DATA FOR SELECTED TIMES

FOR NEOPRENE FOAM COMPOSITIONS

IW 1 Concentration (ppm)
Flame Exposure Nonflame Exposure

5 15 30 5 15 30
Mater~.al mm mm mm mm mm mm

BF 930 2100 1550 1100 2100 1950

FSF—]. 1050 2300 1550 1100 2000 1500

FSF—2 1500 1600 1550 1150 2300 2300

FSF— 3 950 2000 11450 800 1650 1600

Tab le VII

SUMMARY OF HCN CONCENTRATION DATA FOR SELECTED TIMES

FOR NEOPRENE FOAM COMPO SITIONS~

HCN Concentrat ion
Flame Exposure Nonflame Exposure

5 15 30 5 15 30
Material mm mm mm mm mm mm

BF 3.3 16.8 31.8

FSP—1 1.5 1.7 9.1 1.8 2 . 3  5 .9

FSF—2 3.2 8. 11 36.8 14 .6 16.6 110.2

FSF_ 3 14 .6 37.6 61.3 2 .2  36.9 53.6

1The hydrogen cyanide was formed from nitrogen—
containing component s , including the polyisocyanate,
in the neoprene rubber composition.

12
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Experimental Neoprene Foam Compositions

15

• MONSANT O RESaARCH CORPORATION S



—— — .— -•- .—_ •-- - ---_—__•.__-t_-._—- - -—- .——---.--—

I
4 4 •

SF FSF-L

3 3 •

10 2’O 30 40 00 1’O 2
1
0 30 40

TI ME (MINI TI ME t~11N

1 ,! .  
_ _ _ _ _ _ _ _ _ _  4 .  __________

F5F-? F5F-3

00 ib 3b 40 0~ i’o 2b 3’O 40
TIME ININI T I M E  (MINI

Figure 3. Carbon Dioxide Concentrations During the Burning of’
Experimental Neoprene Foam Compositions
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Figure 11. NO~ Concentrations During the Burning of’ Experimental
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Table VIII

SAMPLE MASS DATA

Sample Mass (g ) â Consumed Mass (g)~
Flame Nonflame Flame Nonflame

Material Exposure Exposure Exposure Exposure
BF 17.67 18.111 12.73 11.22

17.77 18.15 13.22 13.19

FSF— l 111.89 15.82
15.911 111.83

FSF—2 15. 147 111.92 11.61 9.99
15.6 0 16.7 11 12.07 10.111

FSF- 3 16.08 111.77 10.66 10.31
a 114.12 111.71 9.79 9.72

• 
- 

~-The dimensions of foam specimens were 7.6 cm x 7.6 cm
x 2.5 cm.

~The chars formed from some specimens coul d not be
recovered completely . Therefore, the data in the
consumed mass column are incomplete.

.
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~ Table IX

COMBUSTION PRODUCTS FORMED FR OM BF
UNDER FLAME EXP OSURE CONDITI ONS

MAT ~.R3A L ((F
SAMPLE M8SS 8V6 17.7062
IMPc SLD EXPOSURE CONO ITION FLAM ING
FLUX 2.5 W/CM2. VERTICAL
OIML NSIOP4S 7.6 X 7.6X 2.5’

AV Ek AGE

TI MI (P114 1 (iS C0(PPPiV ) C021%I HC PPMV ) NOX (PPMV ) 02(U

0. 0. 0. 0.00 0. 0.0 21.00
1. 115. 19. 0,05 150. 0,7 20,56
2 , 274. 91. 0.06 515. 2.3 20, 54
3. 399. 167. 0.14 874. 4.0 20,’~2
‘I . ~78. 280. 0.21 1279. 5.6 20.37
5. 522. 366. 0.2? 1773. 7.0 20.53
S. 5148, 523. 0.33 2229. 6.5 26.21
7 , 559 , 653. 0.59 2646. 9,7 20.11

a 8. 560. 800, 0.45 3053, 10.6 20.08
561. 959. 0.51 3413. 11.l~ 20,0(4

10. 5%. 1052. 0.56 3712, 12.2 19.67
11. 553, 1163, 0.62 3965, 13.0 19.80
12, 554, 1268. 0,66 4201. 14.0 19.66
15, 550. 1376. 0.75 4412. 14.8 19,51
114, 546 , 1461, 0.81 4627, 15.6 1~~,52
15. 5144. 1385. 0.66 4628. 16.3 19.50
16. 540. 1663. 0,95 5017. 16,9 19,47
17. 535. 1772. 1.02 5163. 17.6 19.34
18. 527. 1660. 1.06 53141. 18.2
19. 520. 1942. 1.15 546g. 16.6 19.12
20. 512. 2021. 1.21 5625. 19.4 18 .90

A 21. 502. 2097. 1,26 5764. 20.0 18.87
22, 492, 2167. 1.35 5~04. 20.6 18,65

9 23. 480, 2237, 1.42 6002. 21,3 18,76
24. 468, 2307. 1,46 6116, 21,8 18,66
25. 4%. 2371. 1.53 6214. 22.3 16.44
26. 442, 2400. 1.62 6297, 22,8 18,35
27. 431. 24514. 1,4~ 4376, 23.3 18.26
28. 418, 2505. 1.76 6437. 23,8 18.17
29. 407. 2535. 1.83 6503. 24,2 1~ .0630. 395, 25~5, 1, e~ 6565. 24,6 17.94
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Table X

COMBUSTION PRODUCTS FORMED FROM BF

U N D E R  NON FLAME EX I~OSU RE CON Di T I ON S

M AT E RIAL OF
SAM PLE MASS AVG 18.1455
IM POSED EXPOSURE CONDITION NONFLA MI N G
FLUX 2.5 w/CM2 , VERTICAL
D IMENSIONS 7.6 X 7.6X 2a54

AV ERA GE

TIME IM IN) Os C0 (PPMV ) CO2IU HC(PPPIV ) NOX (PPMV ) 02 (11)

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.le 20.78
5. 271. 38. 0.03 662. 0.4 20.69
8, 538. 83. 0.05 1243, 0.5 20,68
5, ‘802, 139. 0.07 1590, 0,7 20.67
6, 141)5, 196, 0.10 1939, 0,9 20,65
7. 1471, 257. 0.13 2312. 1.1 20.56
8, 1485, 32~ , 0.16 2532. 1.3 20,141
9, 493. 1410. 0.19 2698. 1.6 20,140
10. 1493. ‘893. 0. 22 2811, 1.8 20,45
11. 492, 592. 0. 26 2891. 2,0 20,37
12. 495, 4814, 0.29 2974. 2.2 20.35
13, 489, 783. 0.32 3038, 2.14 20.30
1*. 436, 874. 0.36 3072. 2,6 20.26
15. 1182, 965. 0.39 3108, 2.7 20.25
16, 4??, 1057. 0,143 5121. 2.9 20,19
17. 473, 1145. 0.47 3165. 3.1 20.13
18, 471, 1255, 0,50 3174. 3,3 20.12
1,, 465. 13214. 0,514 3219. 5.4 26.09
20. ‘465, 1409, 0.58 3231.. 5.6 20.01
21. 1455, 1498, 0.62 3274. 5.8 19,95
22. 450, 1581. 0,46 5285. 4.0 19,9(4
25, 443, 1666, 0,70 3301. 14.1 19,89
24, 4311, 17142. 0.714 3320. ~4 ,3 19.86
25, 427, 1818. 0.78 33114. 4.5 19.86
26, 419. 18~0, 0, 83 3316. 8.7 19,82
27, 1409, 5~57, 0.87 5310. 4,9 19.80
28. 1400. 2025. 0.92 3514. 5.0 19.71

390. 2081. 0,96 3323. 5,2 19.65
30, 381, 2138. 1.00 3332. 5,14 j Q,149
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Tab le XI

COMBU STI ON P RODU ~~TS FORMED I h ~~~~ F~~F—i

UNDER FLAME EXP OSURE COND 1T~ONS

P’AT FRIA L FSF— t
SAMP LE MASS AVG 15.141811
TN PCaSLO EXPOSURE CONDITION FLAMI ~ 6
FLU X 2.5 W /CM2, VERTICAL
(I IMENSIONS 7.6 X 7,6 X 2.54

AVLK AG (

TI ME(MIN) OS CO (PPMV) - C02 (%P NC (PPMV ) NOX( PPMV I 02 (11)

• 0, 0. 0. 0.00 • 0. 0,0 21.00
1. 117, 38. 0.07 2814, 1,4 20,80
~~. 253, 145. 0.14 761. 2.8 20,75
3. 347, 250. 0.22 - • 1157, 14.2 20 ,67
‘I . 403. 366, 0.31 1525. 5,5 20,52
5. 438, 499, 0.39 2010. 6.6 20 ,35
A . 1459, 618,. 0,47 23711, 7.6 20 ,15
7. 464. $5~ , 0.55 2695. 8,5 20,11
8, 470. 951. 0.63 2899, 9,4 20,20
9, 1483. 10714. 0.71 3095. 10.2 19.96
10. 495, 1187. 0,80 3299. 11.2 19,78
11. 500. 1298. 0,86 3476, 12,0 19.60

8 12. 501, 1402. 0.97 3628. 12.8 19.38
15. 4914. 1505. 1,05 3715 , 13,6 19.45
514, 485, 1602. 1,14 3796. 18.3 19.26

• 35, 873, 169(4. 1.22 3823. 18,9 19,13
• 16. 1159. 

• 177-8. - - 1.30 3858, 15,6 14,99
17. 4114, 1857. 1.39 3857. 16.2 1M .86
18. 1429, 1,55. 1.47 3657. 16,8 18.77
19. 411. 2008. 1.56 3850, 17.8 18.64
20. 597, 2078. 1,65 3835. 18.2 18.53
21. 183, 2146, 1.73 3823. 18.8 18,111
22. 368. 2208. 1.81 3816, 19,2 18,35

353. 2270. 1.90 3797, 19.8 14,13
24. 3141, 2331. 1,97 3782, 20,2 18.04
25, 329. 2387, 2,06 3774. 20.7 17.94
26. 317, 2441, 2.13 3752, 21.2 17.80
27 . 308, 24~5. 2,22 3735. 21.7 17.611
28, 297. 2555, 2.29 3718. 22.0 17.50

3 29. 288, 2615, 2,36 3691, 22.4 17 ,40
30. 280, 2674. 2.43 3687, 22,9 17,40
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Ta b le XII

COMBUSTION PRODUCTS FORMED FROM FSF- 1
UNDER NONFLAME EXPC SURE CONDITION S

MATO ~~AL FS~ -1
SAMP LE MASS AVG 15.3278
IM POSED EXPOSURE CONOITION NON FLAMIN G
FL UX 2.5 w,C12, VERTICAL
D IMENSIONS 7.6 X 7,6X 2.514

AV ERAG E

TI ME IM IN ) OS CO (PPNV ) COR(S) HC (PPMV) NOX( PPMV ) 02(11)

0, 0, 0, 0, 00 0, 0.0 21,00
1. 76, 1. 0,01 258, 0,1 20,92
2. 190, 31. 0,02 706, 0,3 20.90
3, 283, 109, 0,06 1217. 0.5 20,85

• 8, 550. 197. 0.11 1671. 0.8 20.64
S. 593, 284. 0,17 2168. 1.1 20.52

• 6, 82g. 584. 0.21 2570. 1.3 20,184
• 7, 1452. 498. 0,26 2807. 1.6 20.42

0. 871, 619. 0.51 5030. 1.6 20,311
9. 487, 748 , 0,57 3219. 2.0 20.27
10, 499, 905. 0,142 5373, 2,2 20.13
11, 5011, 1037. 0.87 31185, 2,1. 20.15
12. 506, 1177. 0.53 56Db , 2.6 20.08
13 , 501, 1307, 0.59 3665. 2,8 19.90
111. 893, 1858, 0.65 3721. 2 ,9 19,85
15. 1180, 156U . 0,71 3752. 3.0 19.90
14. 1166, 1668, 0,77 3780. 3.2 19,89
17. 4119, 1767. 0.88 3762, 5,3 19.80
18. 1152. 1860. 0, 89 3761. 5, 4 19 ,79
19. 416. 1~50. 0,97 37514. 3.5 19.74
20, 1401, 2038, 1,02 37143, 3,7 19,76
21, 388. 211g. 1.08 3716. 3,9 19,68
22, 378, 2200. 1.14 3688. 4.0 19,63
23, 56,. 2202, 1,20 3659. 

- 
8,2 19.58

28. 561. 2360, 1.26 3647, 8.5 19,47
25. 354. 2418. 1,31 3611, 4,5 19,41
26. 388. 2515. 1.57 3576, 14,6 19 .52

f 27. 3141. 2S~~, 1.43 3589. 11.8 19.26
28, 3114. 2681 , j, 4~~ 3502. 14,9
29. 326. 2761. 1,54 3856. 5.1 19,09
30. 318. 2857, 1,61 31133, 5,3 18,98

4 . 25
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Table XIII

COMBUSTION PRODUCTS FORMED FROM FSF—2
UNDER FLAME EXP OSURE CONDITI ONS

I
M ATER IAL FSF—2
SAM PLE MASS AVG 15.535 0 

*IMPOSED E XPOSURE CONDITION FLAM ING
FLU X 2.5 W/CM2 , VERTICAL
OIM(NSIOs.S 7.6 X 7,6.1 2,58

A VEP A GE

TI ME U’I)) OS CO (PPMV) C02 (%) HC (PPMV ) NOX (PPMV ) 02 (11)

0. 0, 0, 0 ,00  0. 0.0 21.00
1. 109, 27. 0.011 173, 1,7 20.70
2. 272. 1014. 0.09 855, 4,0 20.61
3. 585, 136. 0,16 706. 5.8 20 ,57

851. 269. 0.23 963. 7,5 20.47
5. 894, 363. 0.29 1217. 9.1 20,40
6. 519. 861, 0.36 1873. 10,4 20.56
7. 526. 577. 0.43 1724. 11.5 20,147

• 
~‘ 8, 529. 680. 0.49 1905. 12.’. 20.36

9. 520. 800. 0,54 2106, 13,5 20.25• 10. 526. 902. 0,65 2280. 14.4 20.23
11. 529. 1006. 0,70 2550, 15.’ 20,17
12. 532, 1108. 0.77 2828. 16.3 20,08
13. 529. 1206, 0,88 2899, 17.1 19.85• 18. 522. 1299. 0,92 2591. 18.0 19.84
15. 515. 1391. 0,99 2650. 18.7 19.83
16. 503. 1477, 1,06 2693. 19 ,5 19.69
17. 498. 1560, 1.13 2736. 20.3 19,60
18. 486, 1639, 1.20 27518 , 20.9 19.56
19. 478. 1713. 1,26 2777. 21.7
20, 867, 1786. 1.38 2763, 23.8 19,36
21. 859, 1653, 1.41 2804. 24.4 1,.26
22, 88g. 1,16, 1,86 2819. 26.1 19.17
23. 8140. 1977, 1.55 2813. 27.0 19.11
28. 831. 2038. 1.62 2832, 27 ,8 19.08
25, 1422. 2009, 1,69 2086, 28 ,5
26. 1113. 2180, 1,76 2850, 29.t 18.36
27. 804. 2189, 1.83 *840, 29 ,8 18,80
20. 398, 2237, 1.90 2858 , 27.5 18.76
29. 384, 2283, j,~6 2850, 28,0 18.72
30. 315, 2325, 2.05 2857, 28.6 18 ,57

t

p
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Table XIV

COMBUSTION PRODUCTS FORMED FROM FSF-2
UNDER NONFLAME EXPOSURE CONDITIONS

•ATER IAL FSF—2
SAMPL E MASS AVG 15.83 20
TNP USEO EXPOSURE CONDITION NON FLAMING
FLUX 2,! W/CM2 , VERTICAL
DIMEN SIOl~S 7.6 X 7,6X 2.58

AV E RAGE

- - T!ME (MIN ) Os C0(PPMV) C02 (%) HC (PPMV ) NOX( PPMV ) 02 (11)

0, 0, 0. 0,00 0. 0.0 21.00
1. 49, 0. 0.01 62. 0,6 20,06
2, 1614, 16, 0.01 520, 1,7 20.77
3. 256, 54, 0,03 557, 2,2 20,64
4 . 322, 107. 0.05 825, 2,6 20,66
5, 378, 169. 0.08 1097. 2,8 20,~~• 6. 814. 255. 0.11 13181, 3.0 20.58
7, 836. 302, 0.15 1579. 3.2 20.53
8, 454, 381. 0,16 1779. 3,14 20,14~9, 1870, 868, 0,22 1916 , 3, 6 20.38

10. 879, 555, 0.25 20 140, 3,8 20,28
11, 1.88 , 6514, 0.29 2181. 4 .0 20.11
12, 1483, 753, 0,33 2288. 8 , 2 20.10
13. 880. 877, 0.37 2339. 4.5 20,11a 
~~~~~ 877, 977, 0,141 21103. 4,7 19, 97
15 , 472. 1079, 0.85 21458. 5.1 19,89
16. 870, 1183. 0.50 2525. 5.11 19,87
17 . 868 . 1266. 0.54 2568. 5.6 19,814
18 . 858, 1385. 0.59 2593. 5. 9 19,85
19. 4149. 11166, 0,65 2610. 6.1 19,71
20. 1119. 1578, 0,69 2651 . 6. 14 19.57
21, 830, 1667, 0,75 2658, 6.6 19 ,50
22, 1421. 1749, 0. 60 2665, 6, 9 19.50

* 23. 1411, 1825. 0.85 2470, 7.1 19.86
28. 801. 16~3. 0.90 2667, 7.’ 19,83
25. £92. 1957, 0.98 2672, 7.6 19,35
26 , 383, 2016. 0, 99 2669 . 7,9 19,29
27 , 373. 2068. 1.03 2653. 8,0 19.26
28 , 3614. 2119. 1.07 2650. 8,3 19 .26
29. 335. 2163. 1.11 2626, 8.5 19,28
30. 346, 2203. 1.15 2630. 8.7 19.25

I
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Table XV

COMBUSTION PRODUCTS FORMED FROM FSF-3
UNDER FLAME EXPOS URE CONDITI ONS

MA T ERIA L  FS F—3
5A~~PL L 4ASS AVG 15,1085
I MPO SED IXPO SUR L CONDITION FLAMI NG
FLUX 2,5 ~/CM2 . VERTICAL
rII~ ENsro Iss 7.6 X 7,6X 2.58

*VL PM.C

T IPILIM IPI ) OS C0( PPMV) C02(* )  HC(PPMV ) NOX(PPMV ) 02(11)

0. 0. 0. 0.00 0. 0.0 21.00
1, 97. 13. 0,05 187. 1.7 20,81
2 . 259, 63, 0.06 895, 3.9 20,65
3 . 384 . 167. 0.15 826. 5 ,3 20,56
14. 1815, 251, 0. 22 1207. 6.9 20, 50
5. 1461, 357. - 0,50 1527, 8.5 20. 39
8~~ 481, 871, 0,37 1778. 9,8 20,28
7 . ‘890. 603, 0, 85 2062. 11.0 20 ,16

• 8 , 892. 727, 0.52 2287. 12,1 20 ,05
9, 49?. 832. 0.60 2831. 13,2 19,98

10. 505. 955. 0.60 2504 . 18 .3 19 ,93
11, 508, 1035, 0, 76 2757, 15.8 19.77
12 . SO,, 1128. 0, 83 2869 . 16.3 19 ,61
13 . 510. 1222. 0, 91 2989. 17,3 19 .50
14 . 507 . 1311. 0, 99 5103. 18.6 19 .37
lb . 508. 1397, 1,07 3195 . 19.5 19 , 33
1* . 497, 1881. 1,111 3259. 20.3  19 .21
17 . 1192. 1562. 1.22 3585. 21,2 19,13

-
• 

2$ , 1.bl. 1636. 1.29 3398, 21.9 18, 99
1’. ‘471. 1710. 1.37 5483. 22,7 16.85
20, ‘4 59. 1780. 1.88 5495. 23.8 16,82
2 3 ,  14148. 1888. 1,52 3542. 28.5 14.17
22. 1455. 1907. 1.59 3577. 25.2 10,56
23. 1.214. 1964. 1.67 3601. 25,9 18, 87
214 , 14 12, 2017, 1, 75 3631, 26 ,5 18 ,37
25. 1402. 2072. 1.82 5672. 27.3 16.28
2 .  391. 2121, 1. 89 3660, 27 ,~ 14 ,17
27 , 311, 2166, 1, 96 3713, 18,5 16,06
Jo , 511, 2206, 2.03 3731, 29,1 17 .95
29, 363, 2249, 1.09 3755, 2~,7 17,88
30 , 353. 2289, 2.16 3773. 30,3 17 .75
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Tab le XVI

COMBUSTION PRODUCTS FORMED FROM FSF-3
UNDER NONFLAME EXP O SURE COND iTIONS

•AT EKIAL FSF— 3
SA MPL E MASS AVG 18.7800
I~~POSLD EXPnSUR E CONDITION NONFLAMING
FLIIX 2,5 W/ CM2, V ERTICAL
DIMENSIONS 7.6 I 7 .6X  2.514

AV EN A GE

TI? ~L (M IN) OS CO(PPMV ) C02(%) HC(PPMV ) NOX (PPMV) 02(11)

0. 0, 0, 0,00 -
• • - - • 

0, 0,0  21.00
1, 87, 1. 0, 01 94, 0.5 20 ,78
2 , 186 . 12, 0.02 361, 1,1 20 ,69
3, 230. 59. 0.05 668, 1.5 20. 71
4 , 319 , 125, 0,09 958, 1.8 20 ,68
5. 375. 196. 0.13 1255 , 2.1 20.54
4, 417. 268. 0,18 1582. 2 .3  20 ,89
7. 1448, 358. 0.23 1770. 2.7 20,36
6, 878 , 851, 0,28 1966, 3.0 20 ,34
9, 508. 551, 0,35 2166, 3,3 20,27

10, 522 , 677 . 0. 38 2502, 3.7 20,27
11 . 528 , 806, 0. 414 2825, 4.1 20 ,23
12. 531 . 920, 0,50 2505. 4 .6 20,16
13 . 528, 1033 , 0, 55 2619, 5,1 20 ,23
114 , 515, 1182, 0,61 2625. 5. 6 20 ,07
15, 506, 1287, 0, 67 2667, 6.0 20,05
16. 1487 , 1385. 0.72 2497. 6,3 20 ,03
17, 876. 1837. 0, 78 2701. 6. 7 19 ,93
18. 8614. 1522. 0,83 2718. 7.0 19 ,67
19 , 853, 1598. 0.68 2712. 7.4 19 ,81
20, 8145, 1663. 0. 94 2716. 7.7 19 .82
21, 833, 1735. 1.00 2706. 7 ,9 19, 79
22, 828. 1790, 1,08 - 27 18, 8,2 19,68
23. 815 . 1850. 1. 09 2693. 8,8 19 .56
2~. 1406. 1897. 1.13 2703. 8,7 19 ,57
25, i9$ . 1948. 1.17 2670. 8.9 19,145
26 , 591. 1,93. 1.21 2669 , 9.2 19,81
27 . 382. 2026, 1.2S 2685. 9.8 19,36
26, 373. 2069, 1,~~ 2682, 9.6 19,31
2~ . 565. 2107, 1.33 2631, 9.8 19 .56
30. 399. 2131. 1.51 2622. 10.1 19,2 14
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Item 20 Abstract (cont’d)

condi tions by approximately 10%. Cupric acetylacetonate, another candidate char
formation catalyst evaluated in this work, catalyzed thermal degradation of the
neoprene foam.
Ferric acetylacetonate catalyzed the formation of CO under nonflame exposure
conditions. This catalytic effect was destroyed by I ncorporati ng po ly(aninonium
phosphate) with ferric acetylactonate.
Crossi inking catalysts more effective than those used in the presently reported
work are needed to reduce smoke formation from neoprene foam significantly.
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