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INTRODUCTION

The purpose of the investigation discussed in this article was to
evaluate the ‘toxic hazard from gases produced when thermosetting plastic
materials used for electrical insulating purposes are burned or thermally
deccmposed in enclosed spaces. For brevity the term "toxicity" is used
throughout the article to refer to the nature of gases produced under these
conditions, A need for immediate study of the problem was created as a re-
sult of the battle damage reports received from verious United States Fleet
units. These indicated that the fumes emitted when these materials were
burned or thermelly decomposed had, in several instances, resulted in toxic
atmospheres. In attempting to develop a sultable test method for evaluating
toxicity, it was recognized that no single test procedure could be expected
- to duplicate the variety of conditions that might exist in an actual fire
aboard ship. In view of the immediate need, however, 1t was felt that con-
giderable information could be obtained, at least to classify cdmparatively
the several types of materials as to the toxic effect caused by burning or
thermal decamposition, through the development of a sound empirical method
which could be applied to all of the materials. On this basis, 1t was

4A decided to modify the Navy flame-resistance test for thermosetting plastics

to render it applicable to the determlnatlon of the tOle gases ‘evolved when

l/ This report covers an investlgation conducted Jo;nnly by the Bureau of
Ships, the Material Laboratory, New York ‘Naval Shipyard, Navy Depart-
ment, and the Burcau of Mines,

The opinicns or asgertiocns. contained herein are the private ones of the
authors end are not.to be construed as official or reflecting the
views of the Navy Department,:the Naval serviee at large, or the Uni-
ted States Department of the Interior.

Reprinting of this paper will be’ welcamed provided the following foot-
note ackncwledgment is used: "Reprinted from Burcau of Mines Report
of Investigations 4134."

g/ Chemist, Bureauw of Mines, Central Eyperiment Station, Pittsburgh, Pa.

%/ Chief, Teelth Division, Bureau of Mines.

L/ Chemical engineer, Material Laboratory, U. S. Naval Shipyard, New York,
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Q/_‘ﬁlectrlcal chemical englneer Bureau of Ships, U. Se Navy,Department;
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é/ Electrical engineer, Bureaa of Ships U, S. Navy Depariment, Washington,
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R. I.' 413k

this test was employed. A wide variety of materials was tested, both molded
and laminated, to cover the types commonly used by the Navy in electrical
applicatliong, Toxicity determinations were conducted at the Bureau of Mines
Central Experiment Station, Pittsburgh, Pa. Parallel tests, to determine
the fleme resistance of the materials, were conducted at the Material Lab-
oratory, U, S. Navy Yard, New York, N. ¥,

EQUIPMENT

The Navy test method and equipmént for flame-resistance tests of thermo
setting plastics, as used aﬁ_}hé;yaterial Laboratory, have been previously
described in the literature..l/: 8/, Briefly, the equipment consists of a
specimen support, heater coil, and spark plugs, arranged in an enclosure of
sufficient size. The enclosure is provided with vent holes, distributed
around the sides adjdcent to the base, to admit fresh air and an exhaust fan
at the top, operated at minimum suction Just sufficient to carry off smoke
and gases., A sliding door at the front of the enclosure, with shatterproof
glass window, permits access to the equipment and a clear view of the inter-
ior. The specimen support is an ordinary four jawed lathe chuck suitably
secured to the base of the enclosure., The heater coil consists of seven
turns of No. 10 (0,102-inch dieméter) Nichrome resistance wire, space wound
to 0.25 inch per turn and 1-3/16 inches dismcter. The coil ends are clamped
into heavy copper lugs with the axis of the colil coincident with the axis
through the opening in the specimen support and with the lower end of the
coil 1/2 inch above the top of the support. -

Two spark plugs, with extended electrodes, diametrically opposite, are
Placed with their longitudinal center lines in a horizontal plane 1/2 inch
above the top of the heater coil, to ignite gases emitted from the heated
Specimens The spark plugs are mounted in such a menner that they may be moved
to within 1/8 inch of the surface of the specimen when in opération or awey
from the specimen after ignition occurs, to prevent their electrodes from be-
caning fouled by soot. A suitable electric circuit is provided to maintain
conbinuous, sperking at the. electrodes.. ' ' '

. Current is sypplied to the heater coil through the heavy lugs which are,
in turn, connected to the secondary.of a transformer, Current is controlled
by means of & variable auto-transformer in the primary. :

~ Specimens 1/2 inch by 1/2 inch by 5 inches, of the type commonly used for
flexural strength tests, were used. Samples of molded materials were fabri-
cated to finished dimensions in a standerd test mold and leminated samples
worg cut fram 1/2-inch-thick sheet stock. .

1/ Gale, J. A., Stowart, R, W., and Alfers, dJ. B., Determining the Flamma-
bility of Thermosetting Materials: Plasties, June 1945, p. 56. .
8/ Gale, J. A., Stewert, R. W., and Alfers, J. B., Flame Resistance of Ther-
" mosetting Plastics: A.S.T.M. Bull., Dec. 19LL, pp. 23-27. ‘
2/ Joint Armmy-Navy Specification JAN-P-1k datcd Sept. 30, 1944, -
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Figure |. - Flame-test apparatus; general arrangement.




Figure 2. - Front view of accessories, spark plug, heater coil, and supporting
legs and specimen.
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R. I. ulBh

A photograph of the entire flame-res1stance test equipment is shown in
Tigure 1. Figure 2 shows & close-up of the specimen support, spark plugs,
and heater coil, with the speclmen in poultlon for test.

" The test apparatus used at the Bureau of Mines Central Experiment Sta—
tion for detemining toxicity of gases emitted by the specimens is similar
to the flape-resistance test equipment, except that the specimen support,
spark plugs, and heater 0011 are cnclosed in a gas-tight chamber 1nutead of
a ventilated one.

The test chember is of wood construction, with glass sides and with a
small window set into the door at the front of the chamber to permit observa-
tion of the specimen during the test., The inside dimensiong of the chamber -
are 24=-3/k inches by 21 inches by 32-3/4 inches, and its volume is 270
Jiters, The door of the chamber closes on a soft rubber gasket and is se-
cured when closed by four refrigerator-door-type clamps. The chamber wes
found by test to be essentially gas-tight. A baffle plate, to facilitate
mixing of tho chamber atmosphere, is sltuated 6 inches fram the rear wall
and extends downward from the top of the chamber to within 5 inches of the
base supporting the flammability-tcst equipment.. A UY-inch fan is mounted in
a circular opening near the top of the baffle., This fan is operated only
after burning of the test specimen has ceased, circulatlon of the atmospherec
of the chember being obtained during the test by convection set up by the
heating coil and by combustion of the specimen., The chamber may be venti-
lated at the conclusion of a test by connection to an exhaust ventilation .
duct. This duct is closed off from the chamber by a water seal during test.
To prevent unduc pressure changes in the chamber during test, as’ a result of
heating and cooling, the chamber atmosphere is permitted to. expand through a
sultable connection into a 3-inch-diameter metal tube, open at one end, dur-
ing operations that evolve heat., When burning of the test specimen has ceased .
and cooling of the chamber atmosphere ensues, the. gases discharged by thermal
expansicon from the chamber into the tube are again drawn into the chamber
from the tube by contraction due to cooling. With this arrangement, error
from loss duc to expansion on heating and dilution’ oi the “test chumbor at-
mosphere during cooling is negligible,

The test apparatus for detormlnation of tox101ty of gases, 1nclud1ng
ges sampling equipment, is shown in figure 3. Figure b ghows a diagremmatic
sketeh of the same apnaratus.

 METHOD OF TEST

The test procedure was csscentially the same for both the flame-resistance
and toxicity determinations. The heating coil was clamped in the copper lugs,
and the specimen was ineserted into the support so that it was within, but not
touching, the heater coil and so that the specimen extended 2 inches above
the top of the coll. The spark plugs were moved into position near the
specimen, and the prescribed current (55 ampercs) was passed through the
heating.coil, The time required for-ignition was noted. Heating was con-
tinued for 30 séconds after the sample had ignited, and burning time wes token
as the time rcquired for the flame to extinguish 1tself after the heater coil.
wag deencrgized. -

1809 -3 -
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The complete procedure for detemination of flame resistance ig des-
cribed in detail in the references previocusly cited.t The flexural
strength of the specimen was determined after test, wherc possible, and the
ignition temperature was determined, using the ignitlon-temperaturo conver-
glon curve. This curve was dewelopcd by measuring the temperature at the
edge of o apecimen under test by means of thermocouples and is reproduced
here for convenience (fig. 5). It will be noted that the curve hds been
extended to include ignition time up to 450 seconds.

In determination of the toxicity of the gases, the chamber atmosphere
wes stirred for 5 minutes by the fan at the conclusion of the test, and som-
ples of the atmosphere were collected for chemical analyses. The volumes
of the verious toxic gases indicated by these analyses served as en index
of ﬁhe‘toxic hazard presonted by the specimen under test.

In the event of nonignition of the semples, the coll current was dis-
contimued after 600 scconds in the flame~resistance test and after 480
scconds in the toxicity test.

RESULTS OF INVESTTCATION

All materials tested produced toxic goses in scme emount, and therefore
only the relative hazard was considered rather than attempting to interpret
test date in o menner that might result in arbitrory class1fication of mate-
rials as "safe" or "unsafe "

- Concentrations of toxic gﬁéé» produced by burning or thermal d@cthoui—
tion of the materials depend, in addition to the individual charactcrlutlos
~of the materials, upon the 1ollow1ng factors-

(2) Quentity of moterial involved,
(b) Whether material ignites and burns; or doos not 1@11te and 'is
' thermally docomposed by heat fr@u udgaccnt sources, '
(¢} Size of enclosure,
- (a) Rate of ventiletion in enclds ure, and .
(e) Temperature and duration of heating of material.

As in en uctuul fire the possidle variations in the forvpoxng conditions
cannot be predicted, the first approach to the'study of production of toxic
gooes was to subject the meterials to essentially unlform test conditions
and to determine the quantitics of the significant toxic gases produced under
such conditions,

Under the empirical test condltions, the order of dlfference i the in-
dicated toxicity of the themmosetting plastic materials was not extremely
wide., Toxicity should be considered in the choice of thermosetting plastic
naterials for specific appllcatlonu only if the factors mentioned above are
guch ag to rcprooent n extrens condition, under which high concentrations
of toxic goses may be expected. On the basls ‘of the test results, it is

10/ See footnotes T, 8, and 9.
1809 | - k-
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A photograph of the entire flame-resistance test equlpment ig shown in
figure 1. Flgure 2 shows a close-up of the specimon suppori, spark plugs,
and heater c01l, w;th the specimen in position for’test.

_ The test apparatus uged at the Bureau of Mines Central Experument Sta-
tion for detemmining toxicity of gases emitted by the specimens is similar
to the flame~resistence test equipment, except that the specimen support,
spark plugs, and heater coll are cnclosed in a gas-tight chamber instead of
a ventilated one,

3

]

The test chember is of Wood., construotlon, with glass sides and with a
‘small window set into the door at’ the front of the chember to permit observa-
‘tion of the specimen during the test. The inside dimensions ‘of the chamber
are 2k-3/k inches by 21 inches by 32-3/4 inches, and its volume is 270
liters. The door of the chamber closes on & sof't rubber gasket and is se-
cured when closed by four refrigerator-door~type clamps. The chamber was
found by test to be essentially gas-tight. A baffle plate, to facilitate
mixing of tho chember atmosphere, is situated 6 inches fran the rear wall
and extends downward from the top of the chamber to‘within 5 inches of the
base supporting the flemmability-tcst equipment. A 4-inch fan is mounted in
a circular opening near the top of the baffle. This fan is operated only
after burning of the test specimen has ceased, circulation of the atmospherec
of the chambeir being obtained during the test by convection set up by the
heating coll and by combustion of the specimen. The chamber may be venti-
lated at the conclusion of a test by connection to an exhaust ventilation
duct. This duct is closed off from the chamber by a water seal during test.
To prevent undue pressure changes in the chember during test, as a result of
heating and cooling, the chamber atmosphere is permitted to expand through &
suitable connection into a 3-inch-diameter metal tube, open at one end, dur~
ing operations that evolve heat. When burning of the test specimen has ceased
and cooling of the chamber atmosphere ensues, the gases discharged by thormal
expansion from the chamber into the tube are again drawn into the chamber
from the tube by contraction due to coollng. With this arrangement, error
from loss duc to expansion on heating dnd dlluthn of the test chumber at-
mogphere during cooling is negligible, .

The test apparatus for determination'of toxicity of gases, including
gas sampling equipment, 1s shown 1n ¢1gura 3. Figure 4 shows a diagrammatic
sketch of the same opparatus. - -

 METHOD OF TEST

The test proccdure was csscntially the same for both the flamce-resistance
and.toxicity determinations, The heating coil was clamped in the copper lugs,
and ‘the specimen was inserted into the support so that it was within, but not

touching, the heater coll and so that the specimen extended 2 inches above

the top of the coil. Thé spark plugs were moved into position near the
_specimen, and the proscribed current (55 ampercs) was passed through the
heating coil, The time requirced for ignition wag noted. Heating was con-
tinued for 30 seconds aftér the sample had ignited, and burning time was taken
as the time roquired for the fleme to extlnguluh iteelf after the heater coil
was deenergized. ' e

1809 -
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The complete proceduro for determination of flame resistance is des-
cribed in detail 'in the references previously cited .t/ The flexural
strength of the specinen was determined after test, where possible, and the
ignition temperature was determined, ueing the ignitlon—tcmper@turc conver-
gion curve. This curve was developcd by measuring the temperature at the
edge of o specimen under test by means of thermocouples and is reproduced
here for convenlence (fig. 5). It will be noted that the curve has besn
extended to include ignition time up to 450 seconds.

In determination of the toxicity of the gases, the chamber atmosphere
wag stirred for 5 minutes by the fan at the conclusion of the test, and som-
ples of the atmosphere were collected for chemical analyses. The volumes
of the verious toxic gases indicated by these analyses served as en index
of the toxic hazard presented by the specimen under test.

In the event of ﬁénlgnltlon of the soemples, the coil current was. dis-
continued after 600 scconds in the flame~rcsistance test and, after 480
seconds in the tOlelty test.

'RESULTS OF INVESTIGATION

All materisle tested produded toxlc geses in saie emount, end therefore
only the relative hazard was considered rather than attenpting to interpret
tegt data in a menner that might ‘result 1n arbitrary ola531fication of mate-
rmhsw'“ﬁ@’m'%wﬂc" '

Concentrations of tox*o grees produced by burning or thermal decqmp051-'
tion of the materials depend, in addition to the indiv1&ual characteristics
of the materialb, upon the following factors-

(a)" Guantity ‘of materiel involved,

(v) ththor nmaterial lgnltes and burng; or does not ignite and is
thermull dbGOﬁpOded by heat from adgacent sources,

(c) Size of enclosure,

(d) Rate of ventiletion in enclostire, and

(e) Tenperature and quration of heating of materiol.

As in en actual firc the posuiblc vurlatlonu in the foregoing condltions:
cannot be predicted, the first approach to the study of production of toxic
gaces was to subject the materiels to essentially uniform test conditions
and to determine the quantities of the significant toxic gases produced under
such conditlons.

Under the empirical test conditlons, the ordér of diffcrence in the in-
dicated tox1citd of the thermosgetting plastic materials was not extremely
wide., Toxlcity. should be considered in the choice of thermosotting plastic
naterials for specific applications only if the factors mentioned above are
such as to represent en oxtreme condition, under vhich high concentrations
of toxic gases may. be expected, On the basls of the test results, it is

10/ oo Tootnotes 7, 8, and 9.
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R. I. 4134

not_believed that, even under such conditions, tox1city should be the sole
criterion of Sultublllty of material,

As hes been previously ascertained, the order of difference in flame
resistance between various compositions of molded and various compositions
of lominated thermosetting plastic materials is quite large, depending upon
the type of vesin apnd filler used. The.factors considered in evaluating
fleme resistance weroc: . .- :

(a) Ignltlon tlmc (or 1gn1t1an tOLperature),
(b) Burning time, N T :
(c) Percentage of flexural strength rctalncd aitcr burnlng._

The toxic gases of chlef 51gn1flcance produced undor the descrlbed test
conditions were corbon mwnOkldb, cyanidos, and emmonia. In addition to
these gases, the test atmospheres contained aldehydes and smoke, and, in
some instances, trace emounts of oxides of nitrogen, phenols, and cmines,

Ags in any combustion process, carbon dloxide was formsd and the oxygen con-
tent of the test chamber atmosphure was docreased, The nagnitude of the
hazeord created in an actual Tire by production of curbon dioxide :and. deple=-
tion of OXngn would be dencndont upon the guantity of muterial burned and
the size of the cnclosure 1n which the fire took place, '

- The volumes of carbon monoxide, cyanides, ond ammonia produced in the
tests are given in tables 1 and 2. Toble 1 gives the ranges in volumes of
these threc toxic gases obtained for the various grades of molded thermo-

. setting materiels of cach type as well as the number of grades of each type
testeds Table 2 gives the ranges in volume of these threec toxlc gases .
. Ovtained for .the.varlous grados. of laminated thermosetting materials of each ..
type as well as the mumber of grades of each type tested. It is cmphasized =
that thesec volumes are the observed values cbtained under the particulor
test conditions .employed by .the Bureau of Mines Central Experiment Station.

1809 -5 -
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TARLE 1., ~ Volumes of toxie gases produced in Burcou of Mines tests

on molded thermosetting naterials

Range of volume of geses
A produced, millilsd ters.:&/
; Number of] . R Carbon .
Havy type |meterialsi . Resin - filler imonoxide|Cyanides [Ammonia
MBET~20 ;;o . 7 Phenolic-ashbestol secesoncsossas 51"108 0"6.7 6 ,)"9
MFI=10 o4 3 Phenolic-aobestos seessessessnss | 65-8811.6-3,9 | 27-2 1_/
MIEG sevass )', Phenolic-asbestos esessserssociy 69'88 202"‘)‘}‘4 lj? jO‘
MEFH evnons )4‘ Phenolic~ashbestoS corecsavnsacce | )'1'5"79 1.9“2.9 124-252
MFE secese ):4’ PhGnOliC-miCc’l oioo«ooocon--o.ooov 51"92 500"'24’¢6‘ 6-’“""’16)4'
2 Phenolic-mineral sevesencvessess )4'5"‘108 0‘6 07 605"507
CFG ssenve 3 Phenolic-wood=fLlour eeessesesese] 4585 {1.4-2,1 | 9,7-15
' CFI"EO s 5 PhenoliC"COtton "“O'O‘l‘.".t." 55"'89 '06")4‘08 7o)+“55
CFI-LO ... 2. | Phenolic~COttOn eeeeeeesescoeses | 68-125{1.8~2,1 | 9.3-20
R 8 | Phenolic~celiuloBe ecesessseesece | 45=1250 0=4,8 | 7.4-55
- 3 Melamine-glaess (ignited) eeevess| 50-132{9.7-17 20-97
- 1 |Melamine-asbestos (ignited) seee 32 C 5.2 2l
G2 eeosssl 2 Melamine-asbestos (ignited) eeee | 80-96 |6.5-11.3! 22-29
- 6 |Melamine-mineral (ignited) veeee | 32-132|5.2-17 20-97
- 3 Melamine-glass (not ignited) ... 100-199). 14-19 |361-430
- 1 |Melamine-agbestos (not ignited).| 158 13 725
L Melamine-mineral (not ignited)es | 140-199) 13-19  [|361-725
Melamine-mineral (ignited and ‘ .
. . nO't j-gnj-ted) 2P OIOBNOEEREPEYN 52'199 5-2"19 3 20"725
G2 venese 1 |Modified melamine-celluloSe ewss 53 | 3.2 | 16
G=3 ssas0s 2 . |Melamine-cotton £1OCK sesessvses| 108-16211,5-13 27-73
Types G~2 : ‘ .
and G=3 ' .
cambined B Mulamme-cellulose secevaserpes 55"162 1.5-1% 16-7%

1 f Gas volumes cdlculatsd from volume of test chawber and concentration of con-

stituent. Volumes at 60°F. and 30 inches of mercury.
_2_/‘ 1 value high in 3 materlals tested.
, L s .
) . o e - N e~
/.‘/ j A 3"?’!2/”/ - > LN /{ A7 - -
I P ' ~ ) /! N ) ) '{; ’ . L R i
/,// Ses & A e 2 8T A R A
‘ R S IRl
Lo & 7
S e e — S S T A
/Kf & B P FACHENE cgpt = e o - TS B X
= P R) PR -
. . L s e
oS Sap o s L w2 > 7
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TABLE 2. - Volumes of toxic gases produced in Bureau of Mines. tests
on laminated themosettlng materials

Range of wvolumc of gases
/ . . produced, millitersl
NMumber of Carbon :
Navy type| materials Regin - filler monoxide {Cyanides | Ammonia
GMG avene L Melemine-glass (1gnited) seeeeees| LHO=-92 | 7.3-12 67-112
AMG eooee 1 Melamine-asbestos (ignited) seee. 78 16 111
“ L 5 Melamine-mineral (1gnited) seeees| 46-92 [ 7.3-16 | 67-112
GMG seoes 6 Melemine~glass (not ignited) se..| &2-1411 7.k-13 | 208-376
AMG veses 1 Melamine-asbestos (not ignited)..! 178 .15 L1
' ' T Melemine-mineral (not ignited) ..| &-1781 7.4-15 | 268-471
" |Melamine-mineral (ignited end not| . ‘
lgﬂlt“d.) RReNsePeIRIRNESERGERIOIEESE . l”6"l78 705—16 67")4'71
FBG se0 0w 2 PhenoliC‘COtton eeRISEINECEOSCSIEIEINSIOES 71}"'165 2.5‘"5.1 6;6"8.8
GEE esoee 1 Phenolic~-aniline~formaldehyde~ '
815:35 €08 SO NI POORRSINEEENIRS 69 545 701________
PB.LI see v 1 PheIIOllC"QdOOI' cossNNeeseeRans ety 127 507 5'3

1/ Gas volumes caloulated from volume of test chamber end concentration of con-
stituent. Volumes at 60°F. and 30 inches of mercury.

1809   —7- 



Re Io 4134
CONCLUSIONS
Molded Thermosetting Plastic Materials. - On the basis of table 1 , the

following conclusions are drawn as to the toxicity of various types of mold-
ed thermosetting plastic materials:

(a) Comparison of phenolic-mineral-filled and cellulose-filled molded
naterials.

(1) The volumes Qf‘ carbon monoxide and cyanides, respectively,‘
arc approximately equal for both classes of material.

(2) The range of volumes of ammonia cbtained for phenolic-
minersl-filled meterials is wider than tnat obtained for
" phunollc—cellu;st-flllcd materials.

(3) . Phenolic-asbestos-fabric-filled materials (MFI-20) and
phenolic-cotton~-fabric~filled materiale (CFI-20) gave off -
- approximately  equal volumes of ermonila as well as of car-
bon monoxide and cyanides, and may be considercd equ¢val“nt
- from the toxic standnomt.

(&) Phenol:.c«-asbestos—fiber— filled materials (MFG and MFH) gave
off appreciably more ammonia than any of the phenolic
celluloge filled types.

(b) Ccmparison of mineral-filled-phenolic and melamine-molded materials.

(1) The volumes of 21l threc toxic gases considercd were higher
for the melamine-mineral-filled materials that did not
ignite then for the phenolic-mincral-filled materiels.

(2) The melamine-mineral-filled moteriels which did not ignite
- gave off greater volumes of the gases considered than the
nolamine-mineral-filled materials which ignited.

I'.\.ci..] S

(1) The volumes of cerbon monoxide, cyanides, and smmonia, res-
peetively, are approximately equal for both classes of ma-
terial,

Laminated Thermosctting Plastic Matorials. - On the basis of table 2,
the following conclusions are drawn as to the toxicity of various types of
laminated thermosetiing plastic materieals:

(2) Comparison of melemine-minercl and phenolic-cotton laminated mete-
rials,

(1) The volumes of carbon mono,,cid.e given off are appro;x.unatoly
aqual for both clagses of meterial.

1809 S -8 -
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(3)

Re I, 413k

Types GMG meleminc-glass and AMG melamine-asbestos laminated
materiale gave off considerably greater volumes of cyanides
end. ammonia than did type FBG phenolic~-cotton laminated ma-
terial, 7

The melamine-mineral laminated materisls which did not
ignite gave off greater volumes of carbon monoxide and
ampmonia than the melamine-mineral laminated materials Wh.Lch
ignited.

The results of the flame-resistance. tests conducted at the Material
Laboratory indicate that molded themmosetting. plastic materials mey be
grouped into four general classifications, as follows:

Class

Class

Class

Class

I.

Low ignition time, lbng buming time, complete carboniza- -
tion, no flexural strength romaining after burning - cellu~
lose-filled phenolic matberials,

Low igmtlon time ; medium burmng tine, corplc,‘ce carbonlza.-

(a) Minersl-filled’ phenolic (mica and asbestos)
(b) Mineral-rilled melemine” -
(¢) Cellulose-filled melémine

Medium ignition time, mediwm burning time, some flexural
strength remaining after burning - asbestos-filled phenolic
meterials of high impact strength. - '

High ighition time, short burning time, some floxural
strength remaining after burning - mineral-filled melamine
materials of high impact strength (glass and asbestofs).

The range of velues obtained for the various grades of molded thermo-
setting materials of each type and the number of grados of cach type toested
are given in table 3, ‘

Cn the basis c¢f the results shown in table 3, it appears that:

(2) For the same type of resin, an inorgenic filler will provide a
more flame-resistant plestic than an organic filler,

(b) For the some type of filler, a melamine resin will provide a more

lane-rosistant plastic than a phenolic resin.

It should be noted that an incrcase in flame resistance will result in
a thermol decomposition of the material which will evolve more toxic gases

than 1f the
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TABLE 3. - Fleme resistaence of molded thermosetting materials -
Material Ioborotory tests

Percent
» flexural
Nurn~ g -1 Ignition strength
ber Ignition] tempera- | Burning| remain-
L of time ture time ing
Navy |{mate- range, ronge, range, | after
Clags| type (rialg Resin ~ filler geconds| degrees C.| seconds | burning
Tee CFI"‘&'O 2 , Phenolic-cotton caeciseicon 60"‘90 275"550 270"')’00 C
CFI-20| 3 |Phenolic-cotton eseeecseess|  90-120] . 350-L405 | 240-330 0.
CFG 3 | Phenollc=wood=flour ssesse| ~ 60-150| 275-450 | 150-270| O
IT.. MFE - L [Phenolic-mica seesssssssse| 00=150]  275-450 | 120~210 0
G~2 1 |Modified m&lamlne—cellu- ’ -
: ) , 1OSE ceessasorssssvensael 60 - 275 120 0]
G-2 2 |Melamine-asbestos sesesess| 120-180 405-490 | 150-180 0
MFH le |Phenclic-osbestos sesesess| 120-180] 405-490 | 90-150 0
G=% 2 |Melemine~cotton flock eswe| 120=2701 405-575 |. 30-60 0
II1, . MFI"QO g 7 Phenolic-as bCS‘bOS trseesss 120-210 - )-1-05-525 120-210 20—55
HMFI-10| 3 ° |Phonolic-asbestos eesessse| 120-2400 LO5-560 | 60-180 0-40
MEG 4 |Phenolic-asbestos wesessss| 150-240] 405-560 | 60-90 | 45-60
V. L Melamine-gloss. ceesseveses| 280+L/ 56641/ | 30-60LA 30-50
1 |Molemine-osbestos eesseses| 12041/ | L0541/ o/ T 6

1/ In most cases, materials did not ignite within 600 seconds and -the current in
the coll was turned off, ' ‘
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GENERAL SUMMARY

Due to the practicel limitations imposed by the oanpirical nature of
the teste, a canplete cnowor 1o the mulbitudinous problems connectod with
toxicity of the gaseous decomposition products of molded end laminated ther-
moseoting matoriels, resulting frow fires aboardship, cannot be given. It
is considered, howsver, that the teste were sufficicntly broad in scope to
provide informetion of value ae & guide to the relative toxic hazard of
these matorlels i comnection with the cholcs of matericls for shipboard
applicotions. It is enphasized that =1l naterisls tested produced toxic
gesos in sone amount, end thorcfors none of the materials may be considercd
as prescnting no tuxic hazard 1 burncd or thewmmally decomposed in an en-
closed spacs. : '
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