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Thizs invention relates to .polartzing bodies
which van be used a5 slip-on Alters for the pro-
jection of and as polarizing spectacles for the
viewing of stereoscoplc films, as devices for wvoid-
Ing glare from sutomobile head lights, as photo-
graphic filters, and for similar purposes.

In my copending applivdtion Serial No. 154,204
of July 17, 1937, I have described polartzing
bodies whiéh couslst of toloured fuils of ¢olloids,
such as cellulose hydrate, the sald .folls having
Lieen subjected to a strong mechanical strstch.
It Is an objedt of the present invention further to
Improve the polarizing bodles disclosed In that
specification.

It has now been found that fitters exhibiting
particularly good polarisgtion can be obtamed by
using coloured folls of colloids such ‘as eellulose
hydrate, the production of sald folls being effected
in such a manner that the hand obtathed on
pouring out viscose 1s first partly coggtlated,
preferably in a neutral salt solutivm, then
stretched mechanically, and finally subjected to
complete comngulation. Viscose van be poured
on to a support, such as & drum. The support
can, however, be dispensed with, Tor example, by
extruding viscose directly into the coagulation
bath. The neutral salt selution may consist, for
example, of an ammohium sulfate solutlion, By
undergoing partial coagulation in this bath the

viscose band is solidified to a conslderable ex- 3

tent; it can now be removed from the base and
subjected to particularly vigorous stretching.
Preferably the stretching 15 discontinued just be-
fore the breaking point 1s reached. Then, the
coagulation of the band which 1s belng main-
tained In a stretched condition is completed in
an acld bath, and further treatment and dyetng
is effected in the manner famillar from the pro-
duction of coloured cellulose hydrate folls. This
further treatment need net necessarily he car-
ried out while the band is in a stretched condi-
tion, since after the complete coagulation is fin-
isheqd the individual particles of the collcidal ma-
terial of the foil are stracturally fixed to a large
extent,

The folls produced wnd stretched according to
the invention have been Tound to take up the
dye -or dyes present in the dyelng solution con-
siderably slower than do Tolls produced accord-
ing to usual methods. Whereas ordinary folls
are strongly dyed within a ¥ew seconds, the dye-
ing of the folls according to the invention re-
quires up to an hour and more. Hence, it is pre-
ferred to use higher buth {emiperatures, some-
times bolling temperatures.

£«

1o

20

20

b5

It ‘has been found that folls with particwdarly
good polarisation are obtained when -the manu-
facturing and stretching process of -the new folls
15 carrled out in-such a-manmer that the finished
coloured foil undergoes a shrinkage in —width
amourting to one fourth to one slxth -or more
of the original width. Even when the shrinkage
in width has not been pushed so far, useful foils
are obtalned. The abovementioned shrinkage in
‘width s achleved essentially by strong mechan-
ical stretching, The result -aimed at is favoured
by using as raw material cellulose with -a ‘par-
ticularly high percentage of «-cellulose {say 90
to 84 per cent), or celulose made from -cotfon
lUnters, The mode of preparation of the viscose
is-also essential in producing suffiotent shrinkage
in width. Thus, it has been found that viscese,
after beilng subjected to a two days’ preliminary
‘maturing process at 20°C -and te a subsequent
maturing process at a salt value of about 2 403,
oh partial coagulation in a4 neutral salt -selution
vields a foil exhibiting -a micelle structure that is
especiglly suitable for the subseguent streiching
operation and the desired shrinkage in width,

Celtuloge hydrate foils produted according to
‘the cuprammonium process can likewise bie used
for the manufacture of the new filters. Here
-agaln, stretching is carried out prior to the final
step of complete-coaguliation.

Dyes belonging to the most varled classes can
be eniployed for dyélng the -colloid foils. Par-
ticularty suitdble are dyes which dye cotton di-
rect. As’'examples may be named henxzidine dyes
such &s Diathine Blue, Oxamine Green G, Di-
amine Fast Red, etc. The light-reslsting sub-
stantive dves khown wmider the trade name of
Sirius dyes have proved especially useful.

The d¥eing of the folls is ¢artied out in accord-
mnee with the known methods of dyeing celluldse
hydrate folls, preferably after the fofls hate left
the last of the usual baihs employed in iheir
production, sald bath being, as a rule, an agueous
bath.

When dyeing foils with certain dyes and using
these coloured folls as polarizing bodles, not the
whole vistble spectrum of light wilt be polarized.
This will result in the colour of the Toil not being
extinguished in the analyzer. In order to extin-
guish the whole visible spectrum, two or more
folils of different colours can be superimposed for
the producfion of the new polarizing bodies, satd
colours béihg complementary so as to give, by
substraction, & homogeneous gfey. Care must
then be teken that the polarizing axes of the In-
divifual fofls are parallel,
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In leu of superlmposing several foils having
different colours, folls dyed with black dyes may
also be used. Substantive black dyes, as a rule,
consist of mixed dyes, the single components
belng taken up very differently by the extremely
stretched foll material according to the inventlon,
Hence, 1t 1s preferred to apply the Individual
dyes that are necessary for producing & homo-
geneous grey, In a successlon of separate baths.
In this manner, particularly when the progress
of the dyeing oberation is watched colorimetri-
cally, it 1s assured that of every single component
there 15 taken up the amount necessary to pro-
duce a homogeneous grey, said grey exhibiting
uniform absorption over the whole range of the
spectrum.

The quantity of the dyes employed is adjusted
according to the amount of residual light allowed
with crossed polarizing bodles formed by using the
new foils. The greater the amount of residual
light to be allowed, the smaller the quantity of
colouring matter employed for dyeing the folls.
With foils intended for eliminating glare from
automobile head lights, a greater amount of re-
sldual light may generally be allowed than with
foils to be used In the manufacture of polarizing
spectacles for viewlng stereoscople motlon pile-
tures.

After the dyeing operation Is finished the folls,
preferably In stretched conditlon, are subjected
to drying while being continuously moved in order
to effect uniform shrinkage in width. If the foll
1s avallable as an endless band it can be moved,
for example, by the pair of rollers used In the pro-
duction of an endless band, as mentioned below.

Further it has been found that particularly ef-
fective polarizing bodies conslsting of cellulose
hydrate folls which, at any stege of the manu-
facturing process or during the whole of the
manufacturlng process, have been subjected to a
strong mechanical stretch, can be obtained by
dyelng sald folls with lodine.

It 1s particularly advantageous to effect the
dyeing of the folls by treating them with hydro-
lodic acid. Both commerclal concentrated hy-
drolodic acid (sp. gr. 1.7) and more or less diluted
aqueous solutions of hydrolodic acid are sultable.
The cellulose hydrate foils which have been me-
chanleally strongly stretched during their manu-
facture, are preferably dried and then Immersed
in an aqueous solution of hydrolodic acid. De-
pending on the duration of the treatment, the
coloration of the folls which is thus obteined, is
a more or less homogeneous grey. Preferably the
folls are dyed so strongly that they exhibit a
transparency of 20 to 50 per cent. With & treat-
ment ranging from half a minute to a few min-
utes there are obtained polarizing folls which.
when crossed, transmit an extremely low amount
of resldual light.

In lleu of concentrated or agueous solutions of
hydrolodlc acld, gaseous hydrogen ledide can he
employed for dyeilng the folls, the vapour of hy-
drogen lodide being preferably caused to act upon
the damp folls which have previously been
strongly stretched. Other inorganic or organic
compounds than hydrolodic acld, which are able
to split off hydrogen lodide, may be used for dye-
ing. .
It 15 to be noted that cellulose hydrate folls
treated with hydrolodic acld exhibit a particu-
larly strong shrinkage in width In the direction
at right angles to that of the orlented individual
colloid particles of the cellulose hydrate folls. A
narrow double lattice i1s thus formed which, on
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the one hand, consists of the oriented, more or
less transparent individual collold particles of the
cellulose hydrate folls and, on the other hand, of
opaque dye particles formed by the iodine ob-
tained from the hydrolodic acid.

It may be -advantageous, during or after the
treatment of the celiulose hydrate foils with hy-
drolodic acld, to cause mild oxldizing agents such
as quinone, ferric salts, or the like, to act upon the
folls.

Since lodine is volatile to a certain extent, it is
preferred, after the treatment with hydrolodic
acld, to coat the folls with a protective layer which
renders them non-porous. As materials which
have proved suitable, cellulose nitrate, cellulose
acetate, celluloid, colourless synthetic resins, and
slmilar substances, may be named. The folls
treated with hydrolodic acld, after the latter has
taken effect, are soaked in water for a short time,
dried, and immersed in solutions of the above-
mentioned materials in organic solvents, such as
solutions of cellulose nitrate In acetone, amyl
acelate, or the llke, or sprinkled with the said
solutlons,

The coating of the cellulose hydrate folls with
protective layers which render the folls non-
porous, 1s to be preferred not only with foils dyed
by means of hydrolodic acld, but also quite gen-
erally with foils that have been dved with inor-
ganic or organlc dyes exhibiting a cerfain vola-
tility.

It haes been known to impart dichroitic prop-
ertles to certaln colloldal organic substances by
dyeing them with zinc chlorlde lodine solution.
Apart from the fact that, on the basis of this ob-
servation, the manufacture of polarizing bodles
suitable for technical purposes was not rendered
possible, the polarizing properties of cellulose hy-
drate folls dyed by means of hydrolodic acid are
conslderably superlor to those of foils dyed with
zine chloride lodine solution.

Polarizing bodles having particularly valuable
polarizing propertles and an especially high
transparency can he obtained by dyeing, substan-
tially, only the surface layers of the folls. In
order to achleve the sald dyeing of the surface,
care must be taken to prevent the foils from
swelling during the dyeing operation; similarly,
folls which are strongly swollen should not be
used for dyeing. Hence, during the dyeing of
the folls and the operations immediately preced-
Ing the dyeing, the addition of swelling agents,
such as alkalis or other substances or salts having
an alkaline reaction, should be avolded. Further-
more, it 1s an advantage to sublect the folls im-
mediately prior to or, if desired, during the dye-
ing operation to a treatinent with astringents
such as strong acids, e. g., hydrolodic ucid, acid
metal salts, e. g., alums, tannin, formaldehyde,
or the like. Since folls which have been mechan-
ically strongly stretched, show less tendency to
swell than do normal foils, it is preferred to carry
out the dyelng not till after the stretching has
been effected. By means of microtomical sec-
tlons 1t can be readily ascertalned how deep the
dye from the surface has penetrated into the
foll. By following the directlons given ahove,
while adjusting the length of the treatment, the
concentration of the dyes, and the temperature
of the baths, a coloratlon can be obtalned which
is substantially limited to the surface, .

Other substances than the dyes mentioned
above, such as lodine, selenfum, bismuth, tellu-
rium, etc., can be employed for dyeing the foils.

In contradistinction to the customary methods
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of dyelng with substantive dyes, these dyes are
applied without the addition of swelllng agents,
particularly of salts.

The dyeing with lodine, as described above, 1s
carried out by using hydrolodic acid, while the
dyeing with metals or metalloids, respectively,
such as bismuth, selenium, tellurium, is effected
by reduction of their oxyacids by means of hy-
drazine hydrate or its salts. It ls essential to
employ these acids at a high concentration and
to allow them to act only shortly on the foils to
be dyed. If, when using the aclds at a high con-
centration, e, g., at a concentration nearing sat-
uration, the said acids are not taken up in suffi-
cient quantity, it is prefered to cause the folls
to swell slightly by Immersing them in water,
The addition of swelllng agents having an alka-
line reaction should, however, be avolded. The
slightly swollen foils are then Ilmmersed in the
concentrated acid solutions which results in the
acids penetrating substantially by diffusion, while
the depth of penetration 15 determined by the
time required for diffusion. It is not till then
that the foils are transferred into the solutions
containing the reducing agents, when the colour-
ing substances are precipitated.

In the production of the polarizing bodies ac-
cording to the invention it has become apparent
that foils made In the shape of an endless band
can be stretched to a particularly high degree,
the risk of breaking being smaller than in the
case of bands in long lengths. The endless band
is formed by pouring viscose on to the surface of
a drum. The drum carrying the viscose is then

transferred into a neutral salt solutlon, where- .

upon the partly coagulated viscose layer Is de-
tached from the drum and placed round two roll-
ers which rotate in the same direction and whose
distance, by means of a stretehing device, ¢an be

b

10

20

3
continuously increased. The stretching of the foit
is then effected by operating the stretching de-
vice. Further particulars of the manufacture of
the endless band are dlsclosed In my copending
application Serial No. 154,204,

Other colloidal organic substances than cellu-
lose hydrate, whose molecules or micelles are
oriented and which show optical properties simi-
lar to those of cellulose hydrate foils, 1. e., act as
uniaxial crystals and rotate the plane of polarized
light, can be used for the production of the new
polarizing bodles. For example, as further col-
loidal substances there may be mentioned cellu-
lose esters, particularly cellulose acetate. With
these subgtances, there s first produced, by ther-
mal or chemical means, a certain preliminary
solidificatlon of the poured or extruded folls
which are then subjected to mechanical stretch-
ing, whereupon final solidification is effected.

It is preferred to employ, for the improved
polarizing bodies according to the Inventlon, foils
of a thickness of <0.02 mm. Folls having a thick-
ness of 0.006 mm have proved particularly ad-
vantageous. For this purpose, viscose is poured
on to a support in a thickness of 0.25 to 0.3 mm.

The polarizing foils according to the invention,
after having been coated with a protective layer,
preferably after a layer of Canada balsam or a
similar material has been applied to the folls, are
enclosed betwech protective glass plates. It Is
preferred to employ glass having a high absorp-
tion capacity for rays of short wave leagth, i. e.,
ultraviolet rays, for example, lead glass.

The polarizing bodies according to the inven-
tion exhibit particularly desirable polarizing
properties. They are optically completely homo-
geneous and show heither streaks nor stains.

ERWIN KASEMANN.



