r..::
[ g |

|
=
£
-3 Lﬁ'ﬂ

F.R. NOTT NO. 19/1952

CONFTIENTIAL

This report has not been published and . June, 1952.
should be regarded as confidential advance
information, No reference should be made to our D FOC
it in any publication withouit the written Fini: . -FARCH
consent of the Director, Fire Research Station, ORCANIZATION
Boreham Wood, Herts. (Telephone: ELStree 1541 REFERENCE LiRARY
and 1797); o, AGAFR{N 10

\
DEPARTRENT OF EIIENTIFIC AND INDUSTRTAL FESEARCH AND FIRE OFFICES' COMMITTEE
¥ JOINT FIRE RESZARCH ORGANIZATION

TIE FLAMMABILITY AND FLASH POINT OF CELIULOSE ACETATE FIIM CONTAINING
VARIQUS AMOUNTS OF CELIULOSE NITRATE

by
R. W, Pickard and D. Hird

Summary

The effects on the flarmability and flash point, of
introducing different amounts of cellulose nitrate into a
safety film base, have been investigated for a range of
concentrations of cellulose nitrate from 3 per cent to
16 per cent.

Introduction

The work described in this paper was carried cut at the request of a
British Standards Institution Technical Committee on the 'Flammability
of Safety Film'. The cffect of iniroducing different amounts of cellulose
nitrate on the flash point and flammability of safety film was investigated.
4L surface coating of cellulose nifrate is at present only occasionally
used, but future developmentsin the film manufacturing industry might
call for the wider use of surface coatings and cven the inclusion of small
amounts of cellulose nitrate in the body of the safety £ilm base.

Specially prepared film containing amounts up to 16 per cent of
cellulose nitrate, both in the base and as a surface coating, were tegted.

Flnmmability tests

The apparatys used in the flarmability test was that described .in |
F.E. Note No, 7 1), which consisted of two steel supports in the form of a
14 in, diemeter semicircle, mounted on a base, with their adjacent edges
1 in. apart, A 21 in, length of film was held in posgition over the supports
by two thin steel strips, and ignited at one end, The distance over vhich
the film burnt was bteken as a measurc of its flam?b:s.llty. In previous
work on the development of this flarmability test meny differont types of
safety film as well as samples of paper, cotton, rayon and nitrate film wer«il)
tested on the apparatus and a full report of the results appears elsevhere
These tests showed that none of the samples of safety f£film burmt over a
distance greater than 16 in., wherecas samples of nitrate film, some newsprints,
cotton and rayon were still burning at 21 in,

" In the present series of teats six samples of cach type of film were
tested on the apparatus and the results are shown in Table 1,

Pig. 1 shows the mean distance of spread of flame plotted as a function
of the cellulose nitrate content, It would appear from this that a ccllulose
nitratc content of up to 4 per cent,either as a swface coating or as mixture
with the base, does not increase the flammability of the film apprcc:.ably.
Higher ccllulose nitrate contents, up to concentrations of 16 per cent, in ibe
body off the base cause little inercaze in its flarmability, However, :Li‘ T

- oollulose nitrate contents arc preernt as a surface coating then a marl—cd daacr e ast

in tho flmmahi]ity .‘I.B Obistrved, T i - % ‘ - o
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With 14,5 per coent cellulose nitrate present as a surface coating, the film
was still burning after a distance of 21 in., and was thus more flammable
than any type of safety {ilm, A probablc cxplanation of the differcnce

in behaviour of the film with the nitrate in the base and as a surface
treatment may be that if the ccllulose niitrate surface coating is thick
enough; the film assumes the highly flarmeble characteristics of cellulose
nitrate., However, within the limits of these tests thc conceniration is
not high cnough with the nitrate present in the body of the base to increase
the flarmability apprecciably.

Flash point determinations

The flash point of a liquid or volatile solid is the temperature at
which it gives off sufficient vapours to form an ignitable mixture with
air ncar the surface of the material., The "flash point" of film is
defined in this paper similarly, although the vapours given off by the film
on hecating are decomposition products. ilhterials in the neighbourhood
of a firec are gradually heatsd and the spread of fire is often facilitated
if these materials give of{ wvapours which arc ignitable, It was fcli,
therefore, that the "flash point" of the films was a better measure of the
fire hazard than the ignition uemperaturC.

To determine the flash point of the specimens of film under test a
fixed weight of film (in this case 3.7 grams), in the form of punchings
; cm square, was placed in a Pyrex test-tube and one Jjunction of a
platinum—platinum-rhodium thermocouple placed in the centre of the specimen,
The other junction of the thermocouple was placed in a Dewar flask, The
test~-tube wag supported in a small electric furnace, the temperature of
which was raised at about 4°C/min., The temperaturc of the furnace could
be measured by a mercury in glass thermometer in the furnace wall., A
small pilot flame was mounted over the top of the test-tube to imite the
vapours when they were given off in a sufficient quantity.

A represontative selection of the films, containing different amounts
of cellulosc nitrate, were tested in this mamner, as well as a normal
safety film bazse and a sample of cartridge paper. The specimens of film
which contained cellulose nitrate, eithcr as a surface coating or in the
bage, behaved smularly, and a typical graph of specimen and furmcc
temperatures is shown in Fig, 2, In this case the flash point was 170°C,
the vapours being first ignitable and the svbsequent flame travelling down
the test-tube at this temporaturc, Soon after this the temperature of the
film increased rapidly, denoting an exothermic reaction, and on.ignition
the vapours burnt with a self~-supporting flame, Aftor some 4 or 5 minutcs
the flame died out, the vapours were no longer ignitable, and the tempera-
ture of the specimen fell to below the temperature of the furnace again.
The tcsts showed that the severity of the exothermic reaction ingrcased as
the percentage of cellulosc nitrate increased, --As the ftemperature of the
furnacc was raised further the vapours became 1gn1tab1e again at about
280°C, although in this case it was not accompanied by an exothermic
rcactlon. Some 8 to 10 minutes after this second flash point the flames
became self-supporting.

.‘Fig. 3 shows the temperaturc graphs for the triacetate base uscd in the
film samples containing cellulose nitrate, and Fig, 4 those for cartridge
paper, The flash points which were determined are shown in.Table 2.
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Table 2

Plash point measurements

Specimen Flash point °c !

1, Containing 3% collulose nitrate in . 220
the base.

2. Containing 6.55 cellulosc nitrate in : 206
the base. R

3. Containing 16 cellulose nitrate in 210
the base,

4, Containing 4% cellulose nitrate as a 186
surface ccating,

5. Containing 9% collulose nitrate as a 182

~ surface coating.

8. Ccntaining 14,554 cellulose nitrate 162
as a surface coating.

7. Triacetate safety base, ' 305

8. Cartridge paper. 288

In those films containing any cellulose nitrate, the nitrate decomposed
at a lower temperature than the rest of the base giving ignitable vapours
at tempcratures between 160°C and 220°C, The second flash point of these
films was due to the decomposition of the base, at temperatures in the
range 270°C to 300°C,

Conclusions

Within the limits of concentration used in these tests, the inclusion
of cellulose nitrate in the body of the safety film base did not apprecciably
increase the flarmability. With the cellulose nitrate present as a surface
coating, however, the flammability increascd as the percentage -of nitrate
present inerecased.

The presence of cellulose nitrate in either form leads to a considerable
reduction in the flash point, Thus under certain conditions, for instance
in a closed or poorly ventilated space, an inflammable mixturc of gases
would bc obtained at a lower temperature than with film containing no
cellulose nitrate.
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Mammability tests

Distance E Thickness
Specimen of spread |
in, ) I (in.)
L
R 3.5
%% cellulose nitrate as a mixture 4
with cellulose acetate base. 3 0057
4
4,5
Mean 3.9
. 3
6.5% cellulose nitrate as mixture 3.5
with cellulosc acetate base. 4 ' 0055
4 .
4
4
Mean . 5.8
4
19% cellulose nitrate as mixture 6
with cellulose acetate base. 3 0050
’ 5]
5.5
4
Mean ) 4,8
. 2.5
16% celluloge nitrate as mixture 73
with cellulose acetate basec. 8.5 0040
: 6
6.5
A
Moan ) 6.3
4
4} cellulose nitratc as surface 3
coating on both sides of triacetate 4 ,0058 -
base. 4,5
4
4,5
Mean 4,0
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Table 1 {contd.)

Flammability tesis

i . Digtance Thickness
Specimen of spread
(j—nt) (in‘)
_ . 15,5
% cellulose nitrate as surface 7
conting on both sides of friacetate 6.5 0065
base. 6
: 7.5
17,5
" Mean 10,0
_ 21
14.56 cellulose nitrate as surface 21
coating on both sides of friacetate 13.5 0067
base, 21
20.5
14,5
Mean 19,6
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