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I. INTRODUCTION

The problem of accurately determining the flammability of plas-~ ) *
tic specimens has been a difficult test development program for the :
plastics industry. Development of the flammability tester by the

technical committee under the sponsorship of the Soclety of the

Plastics Industry was a definite step 1n the proper direction.

- Because Monsanto had considerable interest in flame retardant
plasticizers, such as pnosphate esters and Aroclors, 1t was deemed
advisable to organize a complete testing program in order to point
up the advantages of these products. It was also desirable to
promote trade acceptance of the SPI tester by the industry so that
many laboratories could better appreciate the value of flame
retarded products.

An extensive program of preparation of vinyl films and subse- - -
guent flammabllity testing yielded such potentially valuable informa-
tion for the rromotior of our products that a technical paper was
delivered at the Third Annual Film and Sheeting Conference in New

York. A reprint of this pape: constitutes the detalled section of
this reporct.

TI. SUMMARY

Eighty-thiree plasticized polyvinyl chloride films were calendered
at Springfield and extensive flammability tests run on the SPI
tester at St. Louls. Over two thousand flammability tests were
nzde. A technrical pape: was prepared covering these results.

IXTI. CONCLUSIONS

1. The SPI tester gave the most defi:.iilive M armibllity iesuils o
that we nave been able to achinswe T¢ WD Loan premoted for ’

ASTM acccptance—as @ svandard tes. imethod and a tentative Lo
procedure has been developed by this organization.

2. A truly flame retarded film can be prepared by using as .
«  blasticizers tricresyl Phosphate, Sanuic*ze“s.luo and 141, - :
BT § and other plasticizers ‘either in combination with the abov
¢ ones, cr with antirmony nxide.
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3. Sovaloid C (an! omatiéihydrocarbon) and tri-2-ethylhexyl
‘phosphate gave.flame retarded films alone but were rela-
tively ineffective when‘used in combination with more
flammable plasticizers.’

4. Refer to technical paper for other conclusions.

IV. REFERENCE TO PREVIQUS WORK

Final Report 117-2422, Part II, by P. W. Sgink entitled
"Sales Service Work on Plasticizers and Resins" briefly mentlons
this flammability work.

Final Report 117-2414, Part II, by P. W. Spink entitled "Appli-
cation of Present Plasticizers" (July 30, 1953? also mentions, but
does not detail this flammability progran.

Job number 117-2610 succeeded 2414 as the job number covering
"Application Work on Present Plasticizers" and was the job number
to which the cost of the reprints were charged. Parts I, II, and I
IIT on 2516 were reported previously but did not deal with flamma-
bility.
V. DETAILS

See reprint at end of report.

VI. ACKNOWLEDGMENTS

M:, G. R. Buchanan suggested this overz!l program as a means
of promoting S-141 sales. Mr. R. R. Lawrence was very cooperative
with the calendering program. Mr. E. E. Cowell was cc-author
o0n the flammability paper but the printer: 23 =:lcortly omilted
his neme from che reprint.

VIT. ArPeENDIX )
v A . ; H
Notebook pages concerned wigh flammabilitc; studies with the
SPI teste:r: :

A-27417 to and incldding A-27:27
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SUMMARY: The SPI tester pro;ud s an uﬁexéeli'ed‘
. flammability. Heretofore un spected factors can be mea
¥ ment of this instrument { &

Polyvinyi chloride type plastics possess an inherent advantage over many
other classes of materials because they can be made flame retardant. Just how
great this advantage was could not be accurately aczessed until The Society of
The Plastics irdustry, Inc. through its Group VII Flammability Committee under
the Chairmanship of Mr. J.R.Blegen, dcveloped the flammability tester shown

in the accompanving photograph. Results of round robin tests made with the first
experimentai instrument vere so encouraging i accuracy and reproducibility
that the manufacrure of th:s tester was undertaken by Custom Scientific Instru-

ments Companv ard a flammability specificatior, hased on this instrument, Las

Leen aritten irto the Proposed Commercia: Standard for General Purpose Vinyl

. Film ny the SPi. Many methods of determining tte Flammability characteristics ——

. of plastics had been propcsed and evaluated before. However, the SPI Flammabil-

1ty Committee found early that no existing method took into corsideration all the =
sigrificant factors 'nvolved in practical application ror foresaw everyday hazards.
Resuits of many of the tests were m:sleading; invariably they defied reproduction;
no single test was accepted as standard.

Reported Lerein are the results obtained on poiyvinyl chloride film and
sheeting when using an early model O(‘th% SD‘ tester. We {ollowed our x‘..cr-
pretanor of the general procedures of testmg out imeé in tiie SPI publlcatxon
. ) " Proposed Commercial Standard - General Purpose Vinyl"Film - A Recorded

Voluntary Standard of the Trade™.

[cs: instrument.

il
(-

A brief review?of the mstrumj'nt wtll aid ex‘planailori of results to- be? ¢
given later. Figure 1 shows a sample }'older and some o( he essential features
of the instrumenr. The gas supphed Irom a butane cvchnder is measured by
means,of the manometer; 0 $of the tester. The -

deds  E o samp‘e hoider,
ﬁ'h s higc 3 nérg e tac]g 'UEgn f

: arrwmg a.t the

s l e 1gmnon tlme
dtretdh
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) : lame to travel
rom near the bottom of the specimen holder to the first thread this reading
then defines an important ﬂammabxhty parameter, that of ignition:-time. It is
obvious that the burninig rate ‘timer measures the time‘required for the flame
“to travel six inches, thus provndmg information on this important factor in
flammability studies (burning rate). Temperature dcveloped in the instrument
can be taken as a comparative measure of the neat evolved upon burning; this

is a third important flammablltty tactor.

. '_Group Classifications:

One of the complicating features of using the SPI flammability tester
is that various procedures of testing must be followed. This complication is
well worthwhile because the grouping of materials into various categories of
flame retardance is an important reason for the reliability of the tests.

e Group |l was established for materials which vary in burning charac-
M e teristics from those which burn readily to those which are slightly flame re- 7~ .
tarded. Figure 2 shows additional details of the specimen holder. The testis '
. made with the sample at a 459 angle with a 1/2" {lame emitted from a #22

hypodermic needle burner. The tip of the burner is located 9/16" from the _
specimen. This group is further subdivided alphabetically from "a" through "d".

¢ Group l-a specxﬁeséthe cabmet door be closed £
I-b is an open-door test.
l1-c required edge ignition w:ih d.-ar ciosed.
1-d is the same as "b" but a measurement of inches burned
is called for.

Y

BANRE ) ' Grou? il tests:are also made wilh tae linple &t 459 angle but tiie needle
iburner and 'the ‘microburner are both used 1o edge-ignite the sample while the
»cabinet door is closed. GroupyJIl tests are made for materials which will not
;upport~combusuon once the source of heat has been removed. A 2" flame
rom a mtcroburnexj is used to ignite a 3" x 10" sample supported ve rncally
He: f} Flt % 1 Lc%s&the% type;of holdei u :
h zdc.ir closed. =

e e Aty - ol o 3
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* Effect of Plasticizefs.

A series of 10 different plasticizers at 50 PHR concentration was test-
ed for flammability in every classification. At least five samples were tested

on each formulation in each classification, and whenever results varied by

°  over 50% from the mean, additional tests were ¥ ,a.de until agreement within

: : a series was obtained. Table I contains the ave;ag 8 results for each formulation.

Dioctyl sebacate imparted the fastest bur;lihg rate and burned by every
test. Dioctyl adipate and dioctyl phthalate were possibly the next most flam-
mable Santicizer 160 (butyl benzyl phthalate) was slightly less flammable
) than the aforementioned plasticizers. Paraplex G-50, which exhibited a slow
AR burning rate, was completely consumed whenever ignited and developed ex-
cessively high temperatures. This was the only plasticizer which gave an
3 ' ‘ aiterflame in test ¥3, which means that the film continued to burn after re-

' moval of the ignition flame. (The other flammable plasticizers had been burned
out during the 10 seconds flaming time.)

Tricresyl phosphate, Santicizer 140 (cresyl diphenyl phosphate) and
3 Santicizer 141 (alkyl diaryl phosphate) were qulte lame retardant. Sovaloid C,
§a petroleum hydrocarbon cut, showed surprlsxng,, : me retardance. Trioctyl- - - .
: . phosphate was the least flame resistant of those composttlons which did not
' burn completely. .

- It is interesting to note that ignition time nds given under zr~u-s

i-a, band 4, and ¢ was not significant in ird:- >':! '
{ would burn completely. Thu:. Sanucizer 141
' -eronds but was self- extnnguxshmg whereas

-3 and burned all the way. The times denoted tn

;-.‘ \.("7 -»r the compositic
e."‘ 1 ignition time of 2.1;

O gage an‘ignition time ot
e table under seconds

SR
-
»
kr

S
.

: eﬁtélgu%shmentg

required for th flame t§
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"% ticizer, but this rglatlonshxp was not. detect':d The most noticeable trend '

developed was the elevation in temperature with an increasing concentration
of DOP. It was surprising that the 40 PHR dioctyl phtl.alate film burned at
the comparative fast rate of 4.6 seconds. This series of samples were re-
tested later.

Increasing the concentration of Santicizers 140 and 141 had very little
effect on any test, Trioctyl phosphate became measurabiy more flammable
with increasing concentrations until all the specimens were consumed at
60 and 70 PHR concentration in the Group II test. It is noteworthy here that

in Group Il tests a temperature increase of 40°F. developed from the ignition
flame alone.

Etfect of Plasticizer Mixtures:

It is when testing a mixture of plasticizers that we bring out the prac-
tical flame-retarding efficiency of plasticizers. By holding constant the con-
centration of plasticizer at 50 PHR, using DOP as the building plasticizer,
and then adding flame retarding plasticizers, we can assess this factor.

Table III shows that 10 PHR of tricresyl phOSphate or cresyl diphenyl phosphate
{S-140) produces a self-extmgulshmg film..A proportion of 15 parts of,
Santicizer 141 w1th 35 parts DOP is self-extinguishing. As much as 20 parts

of trioctyl phosphate failed to effect self-exting:ishincni. Neither chlorinated
paraffin (Chlorafin 42-S) nor Sovaloid C, at 15 parts, prevented the film

from burning.

Effect of Fiim Thickness:

€-F it . L
_;_PHR DOP plasticized. composxnon was increased in thick-
through 8 12 and 20 mils, defmue trends were estabhshed

1 th}(l& g incr ased thhe temperature deg ,
ecame }?ighefas more fue! was charggd ifi the form
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Table V supplies the detailed data on these tests.

Effect of Fillers:

Table VI contains information of the: flammability effects:
carbonate and titanium dioxide when added as fillers. Increasin
tration of Atomite {calcium carbonate) filler accelerated the bu mng rate
and diminished the ignition time when DOP was used as the pl cizer, With
a 35 PHR DOP-15 PHR Santicizer 141 formulation, a similar increase in
Atomite content had no definite effect and all stocks were self-extinguishing.
The flammability effect of 5 PHR of Atomite or titanium dioxide was min-
imal with all plasticizers tested. It would be interesting to mvestlgate the
effect of carbon btlack on flammability. . ’

Miscellaneous Factors:

The change of stabilizers from the lead type to the epoxyﬁ:lus barium-
cadmium type had very little effect except for prolonging the burnlng rate of
the dioctyl adipate film. x ; :

) . P

Vinylite VYNW (95% PVC £ 5% PVA%) agppjai'eicl to
ly more flammable than straight polyvinyi chlori“e. Shor
were observed for tests 1-b, ¢ and d, and also for Group II wﬁ
as the plasticizer. DOP in this resin could be readily flame r
phosphate plasticizers and with antimony oxidc

b,

After Baving run about 2500 tests Suriné the ‘cours

®
o

[ EFI}'?{ &mi

: not de err?
. mthe_:cond’_xt

on was, however stxkléheémosg aj:ldé)?r Ang
s A

i edgwhethe r;an Eagmg; efzec
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humidity facto
ered conster

ining if the composition was self-extinguishing. By using as a criterion ‘
the amount burned, rather than the rate of burning, ve-y clear-cut and defin- -
ite results were obtained. These results are illustrated in the photographs of

the plastics. specimens after burning. Although variations could be detected

i between the burning rates of - several "flammable" compositions, the profound
dlfference between films was' simply whether they continued to burn or not.

N . Samples of commercial film from six different manufacturers were
evaluated with the tester. Two were found to be effectively flame retarded,
three had burning characteristics resembling those imparted with phthalate
plasticizers, and one was almost completely consumed, thus suggesting the ____ .
presence of a proportion of a polymeric plasticizer. It so happened that the
most flammable film was described by accompanying literature as having

. some outstanding property other than flame resistance.

. All commercial films passed the flammability specification of a 5-second
' minimum burning rate as proposed by the SPI. All formulations in this ex-
perimental series which registered a burning rate of less than 5 seconds were
reviewed. Upon re- examination aIter aging, no film burned in less than 5

It therefore appears that the proposed SP' specification can be met by Tt
A - almost any vinyl formulation.

Future of the SPI Tester:

o

; The SPI tester provndes an(’mexcelled method for determlmng flam-
mabu\ty It will undoubtedly: iprove valuable to the trade. Probably, specxfxcatlons
'fon flame retardant films: by" egnslatlon in the future will inc reasingly call
5 t%ster ..The ASTM ﬁas#already started raachine ry in motion to de-

JE R BT s

..Ac dc' clopme t of \‘hxs teste

- o
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The materials indicated in this paper by trademarks are

_,-‘ supplied by the following companies: ) ) ' :
. Vinylite Bakelite Corp. (Unit of Union Carbide & Ca.tbon Corp. ) :
Atomite Thompson-Weinman and Co. CE ¥ &
Paraplex A Rohm & Haas Co.
Sovaloid C . Socony-Vacuum Qil Co. '
J Clorafin 42-S Hercules Powder Co. "‘
‘ Plumb-0-5il National Lead Co. o
. Mark(stabilizers) Argus Chemical Lab. '
: Opalon 300 Monsanto Chemical Co. " -
Santicizer Monsanto Chemicatl Co.

S s ' - STLCOPCB4095045
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MANOMETER ———__

GAS SUPPLY -——
GAS CONTROLS -
~
~ud

SAMPLE HOLDER——"" +

IGNITION

“— POWER SUPPLY

~.
h BURNING RaTE T:MER

CONTRC(C.

SWITCHES
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