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PROBLEMS of SAFETY STOCK

By R. Howard Cricks., F.B.K.S,, F.RP.S.

Pro)emomsu who show the Festival of
Britain film, “ The Magic Box,” will find

‘many of the sequences of technical interest.
Among the earlier problems of William
FncseGreene in the invention of kinema-
tography was to provide a material suitable
for coating his emulsion upon, and for
running through his camera. In one se-
quence we see him, amid noxious fumes,
E‘ lucing thin strips, 6 ins. wide, from
ge blocks of celluloid.

Celluloid is in many respects a very
suitable substance for use as a film base ;
but several tragic fires in the early days of
the motion picture drew attention to its
dangerous_inflammability, and for half a
century efforts have been made to find a

non-i ble substitute  having ac-
ceptable mechanical properties.

The raw material of celluloid is cotton,
and recent research has shown why it is
5o suitable : nature has in fact been doing
for millions of years what science has only
recently succeeded in achieving—in
bmldmg ‘matter into long molecules

Other acids may be used. For many
years we have had so-called acetate film,
‘made by subsuluung acetic acid for nitric 3
other acids that can prepionic
and butyric. But none of the resultant
‘materials
equal to those produced by nitric acid ;
on the other hand, the resuits were com-
paratively non-i ble.
CHARACTERISTICS OF BASE

Kodak safety base marketed since 1937
has been produced by a mixture of acetic
and propwmc acids. The Gevaert stock
is a butyra

‘The chamc[ensucs of the base depend
also upon the degree of chemical reaction
permitted. While early safety base was
known as a di-acetate, the new Kodak
safety base is known &s a tri-acerate.

Note that we describe the new base as
¢ safety’ rat than ‘ non-inflammable.”
Safety base is in fact about as inflammable

enough to be photo-

graphed in the cleciron microscope)
which are tangled together and pro-
duce a material of high tensile

THE FIRST PLASTIC

Celluloid was in fact the first
plastic, and it is only within the
last few years that scientists have
succeeded in producing synthetic
plastics having similar
—and so far none of these synthetic
plastics has properties equal to
those produced by nature.

In the manufacture of celluloid
—or cellulose nitrate, as it is called
chemically—the cotton is reacted
with nitricacid. Now this process

r to the process by
which gun—oauon is produced, and
the fact that it results in a highly
inflammable material is not there-
fore to be wondered at.
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as newspaper. Before the war the o6
British Standards Institution issued -

a specffication, No. 850:1939, which
laid down two requirements of safety
base: it shall be ““difficult to ignite,’
which means to say that at a tem-
perature of 300°C. it shall not ignite
within ien minutes ; and it shall be
‘“ slow burning.”

For both requirements jaboratory
tests are laid down. A field test
to indicate whether or not the fiim
is ‘‘ safety > makes use of a doubie-
ended spoon; a }in. punching of
nitrate fiim is piaced in one bowl,
and a similar punching of the film
to be tested in the other, and in
turn they are held in the flame of a
candle. Nitrate film will ignite with
explosive force, while safety base
melts or burns slowly.

STRENGTH AND FLEXIBILITY
Any projectionist who ran safety prints
before the war will be well aware of the
failings of the base. It tore very much more
easily than nitrate, and quite soon became
brittle. It was also difficult to splice ; the
use of glacial acetic acid was commonly
recommended—too little failed to stick,
too much buckled and rotted the film.

Technically the first two properties can
be expressed in terms of tensile strength
and flexibility. Fig. 1 shows the improve-
ment in tensile strength, according to
figures supplied by Kodak. It will be seen
that the tri-acetate base is nearly the equal
of nitrate, and much superior to either of
its predecessors.

The brittleness or flexibility of a film
must be considered not so much when it
is new, as after it has had a certain amount
of use. For the purpose of testing such
properties, ‘‘ accelerated ageing >’ tests are
used, in which the film is kept at high
temperatures, which it is reckoned produce

o
'S

SHRINKAGE , %

02

‘ |
STORED AY‘—]‘ .
TOF.-S0 % AH. | sh‘a‘/
ghietadandl| e
i ,Lg““T o
/ rantE A/A-
__/A(’ o AT NET o |
| 0/
,9/ -
¥ o]
£l :
e |
4 8 12 6

TIME, MONTHS

Fig. 3. .E‘thinkage of Processed Film, stored in Circulating
i

r. — Courtesy of British Kinematography.

the same effect as long-term storage at
normal temperatures. The effect .of such
tests upon the flexibility of film base is
shown in Fig. 2: nitrate, it will be seen,
starts off rather more flexible than safety
base, but rapidly becomes brittle ; either
form of safety base on the contrary retains -
its flexibility almost unaltered for a long
period of time.

LIFE OF SAFETY BASE

We can therefore say that in tensile
strength the new stock is practically the
equal of nitrate, and in flexibility rather
superior (the last is the reason why the
new base feels so supple). But before we
can say we are satisfied with the new base,
two other factors have to be considered :
what happens to it in the projector, and
whether it can be joined easily. .

Statistics show that 50% of all film
damage reported by renters takes the form
of scratching. The more serious form of
scratching is on the emulsion, and as the
emulsion on either base is identical there

should be no difference what-

20

—] ever in this respect. As re-

. gards scratching of the base,
this is no doubt a question of
the hardness of the stock, and
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in this respect the new stock
should be very little inferior
to nitrate.

~q The second serious form of
film " damage is perforation
tears and straining, which
together account for 25% of

reported damage. And here
we come up against a feature
of the new stock which,
although to the manufactur;r
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Fig. 2. Retention of Flexibility of Film Base, measured by
repeated Folding — Courtesy of British Kinematography.

25 30 a decided advantage, may in
practice prove to be a disad-
vantage. This factor is that
safety base shows a much
lower shrinkage than nitrate.



EFFECT OF LOW SHRINKAGE

The reason this is so important is that
our film has to engage with the sprockets,
and for accurate engagement the pitch
of the sprockets should exactly match that
of the film.

Fig. 3 shows the shrinkage of positive
films over a period of 16 months. It will
be seen that the shrinkage of acetate base
is only about two-thirds that of nitrate.
These figures are for film stored in free
air—a test which differs markedly from
the practical conditions of running through
a hot projector a number of times, then
being boxed up—probably while still warm
—and shipped off to another kinema,
where the films run through projectors of
different type.

At my request Kodak recently made
some measurements on a length of safety
base which had been badly damaged in
use—the perforations on one side were
torn and on the other side badly strained.
I hasten to add that the damage was
obviously due primarily to a projector
fault, but it is interesting to consider
whether perforation pitch was an import-
ant factor.

The shrinkage of the film as it was
removed from the container was 0.13%.

After two hours conditioning at a tempera- .

ture of 70°F and relative humidity of
609 (conditions similar to those of an
average projection room) the shrinkage
was only 0.04%. The shrinkage of nitrate
base might well be four or five times as
much.

In view of the importance of this matter, -

I have made the suggestion to the K.R.S.
Print Condition Advisory Committee that
tests should be made to ascertain the
effect of this difference in pitch. My own
view is that on a projector in perfect
condition the effect will be slight, but any
fault in the projector, and in particular
emulsion pick-up in the gate, will impose
additional strain upon the film, and lead
to damage which in the case of nitrate
might be avoided.

DIFFICULTY OF JOINING

Film cement does not act in the same way
as paste joins two pieces of paper. It
should be a solvent of the base, making
a perfect weld. It appears that no such
perfect solvent has yet been found for
safety base. Experiments are proceeding
in many directions, but in the meantime
it is necessary for the projectionist—and
the renters’ examiner—to take every pre-
caution, and to examine the splices of
films on safety stock.

One point of difference from nitrate is
that the cement takes longer to dry, and
during the drying period the join must be
kept under pressure. If only for this

reason, therefore, a joining press of ap-

proved design is essential, and every

rewind room should be so equipped.

'(I:'\Eo models have been approved by the
.E.A.

{

IDENTIFICATION of SAFETY BASE

A serious problem is the risk of con-
fusion between nitrate and safety base.
Not only is there the risk that a leader or
reprints on nitrate may be cut into a print
otherwise on safety ; a number of project-
ionists have reported that stock bearing
the words ‘‘ Safety Film ” has proved to
be inflammable. The last is a source of
real danger. It is due to the fact that a
negative on safety stock bears the words
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NITRATE FILM
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D2 000000000
SAFETY FILM

Fig. 4. Eastman Kodak system of Identification

of Film Base. Only Films showing the Marks

between perforations, as in the lower sketch, are,
Safery.

photographically printed in its margin
in the printing machine these words are
imprinted upon the positive.

The original edge lettering always has
black letters on a clear ground ; if therefore
the letters on a print are white on black,
one can say definitely that they have been
printed through from the negative. If
however they are black on white, there is
still the risk that they may have been
printed through from the master positive
from which the dupe negative is made.

Eastman Kodak in America have adopted
a new system of identification shown in
Fig. 4. A better idea has been introduced
by Kodak in this country : instead of the
plain line between perforations of safety



stock, appears the letter S. This portion
of the film4s not exposed in any form of
printing machine, therefore so far as one
can foresee, any film bearing either of
these distinguishing marks must definitely
be safety.

SAFETY REGULATIONS

One final point should be mentioned.
It will be years before all nitrate prints are
out of circulation, and during this time
safety regulations will be just as strictly
enforced. Not until every foot of nitrate
film is out of circulation can regulations
be relaxed.

It may indeed be suggested that
while there remains the risk that

prints mainly on safety base may have
leaders, run-outs, or reprinted sec-
tions on nitrate, there exists an added
element of danger. The projectionist
will therefore be wise if for some years
to come, he regards every reel of film
as potentially inflammable, and exer-
cises the same precautions to which
he has in the past been accustomed.

The various devices which have been
evolved in the cause of safety — close-
fitting fire traps, efficiently working safety
shutters, and automatic fire extinguishers
— must on no account be scrapped. After
all, if a fire were to occur, it would in-
evitably be on the one chance reel of
nitrate.
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‘PYRENE’ AUTOMATIC FIRE EXTINGUISHER

EXTINGUISHER FOR CINEMA
PROJECTORS

ilm Fire Extinguisher is the only effective means by which fire

can be extinguished on cinema projectofs It ¢an befitted toull makes and models cf projectors.
Illustration shows the Pyrene extinguisher fitted to the famous GAUMONT-KALEE ¢ 21.”

This equipment is now being offered on special terms
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