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A TEST TO MBASURE THE FLAMIABILITY CF CINEMATOGRAPH SAFETY FIIM

by

R, W, PICKARD and D. HIRD
- Sunmar

A test has béen developed which compares the {lammability
of cinematograph safety f£ilm with other cellulosic materials.
The results indicate that safety f£ilm, both 35 mm and 16 mm,
is less flammable than cotton, nﬂwsprlnt and similar materials.

1. Introduction ..

The worlk described in this note was carried out at the request
of British Standards Institution Technical Committee CUE/6. Its purpose
was to lnvestigate the relative fire hazard of verious types of salevy
film mariketed to-day with other comparabls celluloslc moaterials in
common use,

2. Develovment of Apparatus

Scme preliminary work was carried out to compare the fire hazard
of safety film with the ¥nowm hazard of nitrate film. To do thisg a
length of 35 mm safety film was wmounted vertically and its lower eand
ignited, It was found that the flame spread upwerds over most types
of safety film. Howsver, if the upper end of the specimen were ignited,
in no experiment did the flame spread downwards, liitrate film subJected
to the same test permitted the spread of flame in either direction,

~-.In the light of these results it was considered that if a specimen
of safety film were mounted in a semicircular form, and ignited at one
“end, it would continue to burn to a point which would be characteristic
of the perticular type of film, This may be sxplained by cousidering
“the-heat transfer between the flame and the film, The flame front
coatinues to advance provided the film directly in front of the flame
is heated to its ignition temperature. Initially, when the flaming
is talking place on the section of £ilm which is vertical or nearly
vertical, the film directly in front of the flame is heated by convection
and radiation from the flame. As the flame front advences towards the
horizontal section of the £ilm the contribution of heat from the {lane
decreases since the angle between the plane of the flame and the film
" increases, A polnt may therefore be reached at which the heating
received by the film from the flame is insufficient for burning to
continue. This point is determined by the nature of the £ilm under
test. . ' : '
Tests csrried out on 35 mm f£ilm showed that nitrate £ilm would
“continue to burn over 21 in, of the perimeter of & 14 in, diemster
cemicircle, whereas safety film burnt up to a length of 16 in. on the
perimster.. The relative flamebility of safety film and other materials
st the seme fcrm could be assessed from the length to which each materis’
continued to burn.

* '
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The distance of flame spread For any one specimen in these preliminary
tests was generally grester whern the emulsion 1vs upmnrds and so in all sulsequent
ests the film specimens.were mounted in this way.

3. Apperatus and experimental procedure for 35 mm £ilm tests |

The apparatus on which the tests on 35 mm film were carried out
is shown in Fig 1 end Plate I. Two steel supports in the form of a
14 in, diemeter semicircle were mounted on a steel base, with their
adJacent edges 1 in. apert. One support was graduated at inch and half
inch intervals over a length of 21 in., A copoer cup 1 cmx 2 em x 0*3 cm
wes mounted on an insulating base between the two supports at one end
of the semicircle, A4 21 in, length of £ilm wes held in position over
the suporis by meons of two thin steel strips.

The test was carried out as follows, 0+3 cc of absolute clcohol were
introduced into the copper cup and ignited. The distance over which
the film burnt was nOted. '

Six specimens of each type of film were tested in this way and
the results are shown in Table I,

L, Experimental procedure for 16 mn film

Because 16 mm cinematograph safety film is widely used, & test
to cover this size of film is also necessary, Preliminary tests were
carried out using an epparatus similar to that shown in Fig I and
" Flate I but with the adjacent edges of the two semicircular stesl
sup.orts-12 mm apart. Some specimens of film which had bsen tested on
ine 35 mm apparatus were cut dowm %o 16 mm, The results showed that
these specimens burnt to a length less than that on the 35 mm apparatus.
This result was to be expected since the flame was much smaller and the
heating by convection and radiation was therefore considerably reduced.
When the flame died out the angle of the film (to the vertical), at
that point, was noted and the second spparatus was altered so that
this angle was obtained at a distance equal to the distance of spread
on the 35 mmn test. In this way it was found that the diameter of the
semicircle should be 18 in, for .the 16 mm film test. It was felt
desirable to obtaln this result for the sake of uniformity between the
two tests. ‘ o

The apparatus which was used for testing specimens of 16 mm £ilm
is shown in Fig II and Plate II. It is essentially the seme as that
used for testing the 35 mm film, The two semicirculer supports,- of
18 in, diameter, were mounted with their inside edges 12 mm apert.

A copper cup 1 cm x 1 cm x 0+3 cm was mounted on an insulating base
between the two steel supports at one end of the semicircle, The film
was held in position by two steel strips pa551ng over the semicircular
supports.

The method of testing was S@entical with that slready described

for the 35 mm £ilm. O+3 cc of alcohol were used as the igniting scurce
and the distancec ‘Lhz, fiim bw:nt vias noted,

Six specimens of ‘each. type of £ilm were tested, tho rcsults
are given in Table IIT, ‘

5. Tests on other cellulosic materials

In order to compare the hazard of safety film with other cellulosic
materials in the same form, specimens of nitrate film, newsprint,
cartridge paper, cotton and rayon were subjected to the seme test in
both 35 mm and 16 mm widths. Six specimens of each material were tested
and the results are shown in Tables II and IV.
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6e Discussion of results

Rayon appears to be noro tnzardous than safety film, yet both
consist essentially of the same material, cellulose acetate, This
is probably duve to the fact that rayon mmterial has a larger specific
swrface than safety film, -

The calorific yalues of three types of safety film were determined
and the results are glven in the table below.

Calorific
Syecimen value
ByT helUs/1be
A Processed 8580
F Base : 8820
G Base 9050

These values are slightly higher than the value for wood which is about
8,000 BoTheUe/1be :

7« Conclusions

Whilst the tests described do not give an absolute measurement of the
fire hazerds of the mateorials tested, they do indicate that the hazard of
those safety films which have been examined is less than that of nitrste
film, newsprint, cartridge mper, cotton end rayons This conclusion is
based on the final distance of flame spread for each type of material,
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TABLE .1

Distnncc.cf spread off flame on 35 mnm safcty £ilm

Specimen

- Thicknes
in, x 10

3

. Distance of
flame spread
in,

Base

2*3

Emulsidn éoated

59

Processed

58

Base

Emulsion coated

59

Processed

5+8

Bage

53

[P
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TABLE T (continued)

Specimen

Thickness
in, x 1

Distance of
flame spread
in,

Dmulsion coated

57

1145
13
15
13
12
13

Processed

57

15
135
135
12
12:5
12

Base

54

Brulsion coated

Processed

t

Base

Emulsion coated
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TABLE I (continued)

Specimen

Thicknessg
in., x 103

Distance of
flame spread
in,

-

r

Base

5.7

Processed

58

Base

56

o

Processed

55

Base

5+0

[~ ——
3

Processed

Rase

58
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TABLE I (continued)

, ¢ Thickness Distance of
Specimen I in, x 109 flame spread
in,
10°5
11
I Processed 6°0 1145
. 11.5
11+5
11+5
. 25
2
J Base ‘ ' 58 2
. 25
2*5
2
3
2*5
J Processed 6°0 3
3¢5
2+5
35 |
1
T
5 l
. 2.5
Acetate base with cellulose nitratel 2.5
surface coating ( 5.7 2+5
2
2+5
10-5
Kegative film on acetate 10-5
bage with cellulose nitrats 6e2 10+5
surface coating ' 11°5
105
12
i
i b
| | b
] Safety positive no silver 61 L
| image 4
| I3
i 5
?
i Le5
i 6
|  Safety positive developed 61 L
E black ! : 4
| : 6
: j g 11
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TABLE I (continued)

Specimen

Thiclness
in, x 10

Tistance cof
flame spread
in,

I. Processed

not hardened

5-8

105
11 -
12
105
12
115

K Processed

hardened

58

1045
11°5
11
11
10.5
11

AT ——

i, Processed

not hardened

50

. S e Y

N B PO
.
Ui\

13

Processged

hardened

60

115

11
11
14
11

M Processed

hot herdenesd

12
1145
1045
115
105
12:5

M Processed

hardened

5.7

14
12
11*5
1145
11-5
12
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FABLE TT

fistance of spreed of flamc an collulosic matorials 35 ma in widis

m [PN

3pecimen

!

Thickness
in, x 103

Distance of
flame spread
in,

Mivrate film - emulsion coated

21
21
21
21
21
21

Newsprint -1
(1415 x 1077 0z/in?)

2°9

17
17
18
17
17
175

Hewsprint -_ 11 o
(1-21 x 10°2 oz/in?)

345

21
21
21
21
21
21

Cartridge paper
(332 x 102 oz/in?)

7°6

21
20
21
125
21
21

Cotton prin%
(2:77 x 1072 oz/in?)

846

21
21
21
21
21
21

Rayon
(3°86 x 1077 o0z/in?)

21
- 21
19
21
21
21

-4
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T.BLE TIT
Distance of spread of flame on 16 m safoty film

; ‘
. Thickness ; Distance of
Specimen in, x 107 flame spread
in,

12

. ‘ L 12
not herdened 5e b 1345
12+5
13
12

Processed

1145
35
hardened 57 L5
12
Leh
3

Processed

12
. 13
not hardened 5+8 13

Frocessed

6

' 7

Processed - hardened . 5.8 N
3

2

3

Processed - not hardened B3 12

hardened | B3

Processed

A |

Bese ' 57

PSRN
.

R Y

e e ran
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TLBLE IIT (continued)

]
f Thicknes

§ 5 ; Distance of
! Specimen in, x 103 | fleme spreed
! i in,
.'r-
i 245
2.5
N Processed 6.3 3
: 2.5
2
3
3+5
. 3
! O Base 57 It
2*5
12-5
45
0 Processed 59

~NNVWD S
v
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TLBLE IV

Distance of spread of flame on cellulosic
materiels 16 mm in width

Specimen

i

Thicknesg
in, x 10

Distance or

flame spreai

in,

litrate £ilm - emulsion coated

DN S

59

Newsprint I
(1+15 x 1072 oz/in®)

29

2245
12*5
205
20
18
20

.?.*_
i

liewsprint I
(1.21 x 1072 o0z/in2®

27
27
27
27

27

e et s te o e o e @ —

Cartridge pagper
(332 x 1075 oz/in?)

76

19
21

21
13
21°5

Cotton print
(2:77 x 10~3 oz/in?)

8+6

25°5

R N

Rayon
3.06 x 10~3 oz/in?)

5:0

16+5

235




PLATE | APPARATUS FOR TESTS ON 35 mm
' FiLM '

PLATE 2 APPARATUS FOR TESTS ON 16 mm
FILM
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FIGC.2. APPARATUS FOR TESTS ON 16 MM EILM






