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The present invention relates to an impregnating com-
position for reducing the tendency to curling of paper
and paper-like materials, in particular photographic paper,
a paper or paper-like material impregnated with the com-
position and a method of impregnating paper and paper-
like materials with the composition.

A problem of many cellulose sheet materials, in par-
ticular paper and paper-like material, is that under stor-
age they show a strong tendency of curling on account
of variations in air moisture. In particular papers coat-
ed with light-sensitive or thermosensitive materials, such
as photographic papers, exhibit this tendency. This curl-
ing involves great difficulties in storage and handling of
the materials, e.g. in the case of drawings, which are
stored at a work place or in copying such materials.

Many attempts have been made to solve this problem,
e.g. by impregnating the paper with low molecular weight
alcohols or mixtures thereof. Such impregnations have
initially given a relatively good resistance to curling, but
the effect has disappeared already after a short time for
various reasons, among them the volatility of the impreg-
nating agent. Attempts have also been made to use higher
polyalcohols, which on account of their greater molecular
weight are not so volatile, and such substances have been
shown to give a .very good and lasting effect, but they
show a tendency of being absorbed very slowly or not
at all in the materials to be impregnated. :

An object of the present invention is to provide an im-
pregnating composition for reducing the curling tendency
of paper or paper-like materials, which composition is
free from the aforementioned disadvantages. Another
object is to provide an impregnating composition for the
purpose referred to, which is readily absorbed by paper
and paper-like materials and provides a lasting resistance
to curling of paper and paper-like materials treated there-
with. A further object is to provide an improved method
of treating paper and paper-like materials, in particular
such materials coated with photosensitive or thermosensi-
tive substances, by which method such materials can be
made resistant to curling in a more efficient way. A still
further object is to provide paper and paper-like materials
which have a lasting resistance to curling.

The impregnating composition of this invention com-
prises one or more  water-soluble polyalkylene glycols
having a molecular weight of 100 to 6000 and a substance
enhancing the absorption of the polyalkylene glycol in
paper, said substance consisting 'of a water-soluble poly-
hydric alcohol having from 2 to 15 carbon atoms, the
composition being also optionally diluted with water.

It is highly surprising that the addition of a water-
soluble polyhydric alcohol having from 2 to 15 carbon
atoms accelerates the absorption of the polyalkylene gly-
col into paper, since it might be expected that water would
be the most suitable agent for that purpose. With water
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alone, however, a lower rate of absorption is obtained
than with the additives referred to.

The polyalkylene glycol or glycols employed should
have a molecular weight such that they do not vaporize
too readily from the paper, but on the other hand they
should not have too high molecular weight, since then the
impregnation of the paper is rendered difficult by the
high viscosity and decreasing ability of penetration of the
polyglycol. It is preferable to use a polyalkylene glycol
or -mixture of polyalkylene glycols having a molecular
weight of between 500 and 1000. The most preferred
polyalkylene glycol is polyethylene glycol, although poly-
propylene glycol, polybutylene glycol etc. in suitabe mo-
lecular weights are also useful. It is also possible, in ac-
cordance with this invention, to use mixtures of different
polyalkylene glycols wherein the alkylene groups are
different e.g. polyethylene glycol and polypropylene gly-
col, or mixtures of the same polyalkylene glycol in differ-
ent molecular weights.

Suitable water-soluble polyhydric aliphatic alcohols
having 2 to 15 carbon atoms are dihydric, trihydric and
higher aliphatic saturated or unsaturated alcohols, such as
ethylene glycol, glycerol, propylene glycol, polyalkylene
glycols having a molecular weight of not above 250, sorbi-
tol, mannitol, pentaerythritol, 1,4-butanediol, 2,3-butane-
diol, 1,3-propanediol, 1,2-pentanediol, 1,4-pentanediol,
1,5-pentanediol, 2,3-pentanediol etc.

A suitable formulation of the composition according
to the invention is from 0.2 to 5 parts by weight of the
water-soluble polyhydric alcohol per part by weight of the
polyalkylene 'glycol component having a molecular weight
of between 100 and 6000. For use such a composition
is suitably diluted with from 0.2 to 50 parts by weight of
water per part by weight of the polyalkylene glycol com-
ponent, e.g. so that the composition contains from about
5 to-about 30% by weight of the polyalkylene glycol com-
ponent, based on the whole composition.

Impregnation of paper with this composition can be car-
ried out by well-known methods such as dipping or spray-
ing methods. In the case of a paper or paper-like material
coated with a photosensitive or thermosensitive layer, the
composition can be introduced either before or after ap-
plication of the photosensitive or thermosensitive coating.

The invention is illustrated by but not limited to the
following examples, which show various compositions
within the scope of the invention as well as the results ob-
tained therewith as regards the absorption of polyalkylene
glycol by photographic paper. Percentages are by weight.

Example 1

Impregnating baths were prepared which contained
each 108 g. of polyethylene glycol (molecular weight 600)
and 730 g. of water together with (a) 110 g. of ethylene
glycol and 84 g. of glycerol, (b) 194 g. of ethylene glycol,
(c) 194 g. of glycerol, and (d) 194 g. of propylene glycol.
For comparison, a bath (e) was also prepared which con-
tained 108 g. of the same polyethylene glycol and 924 g.
of water.

Sheets of Kodak Projection Document Paper, Medium
Weight, Statefile 84, in A5 size were developed 1 minute,
dipped in water, fixed for 10 minutes and thereupon im-
mersed without prior rinsing in the polyglycol impregnat-
ing bath for 10 minutes. When the sheets were taken up
from the polyglycol bath they were allowed to drain for 30
seconds, whereupon they were dried in a photodrier.
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Thereupon, the amount of polyglycol taken up by each
sheet was determined in the following manner: The
sheet was extracted in a Soxhlet apparatus with chloro-
form for 2 hours, the apparatus being emptied 10 to 15
times. The major portion of the chloroform was evapo-
rated from the extract, whereupon water was added and
the remaining chloroform evaporated. The aqueous solu-
tion was filtered and diluted to 100 ml. In this solution
the amount of polyglycol was determined by precipitation
with potassium ferrocyanide, filtration and back-titration
with cerium ammonium sulfate.
The following results were obtained—

Polyethylene glycol
taken up by paper

in mg. Average
Bath: of 4 sheets
(8) oo 159
(D) e 163
(C) 183
() e 178
(€) e 103

The results show that the aliphatic alcohols consider-
ably increase the absorption of the polyalkylene glycol
by the paper.

Example 2
The following impregnating baths were prepared.
(a)
Percent
Polyethylene glycol (molecular weight 1000) ______ 10
Glycerol . 20
Water - 70
(b)

Polyethylene glycol (molecular weight 1000) _______ 10
Water o 90
(c)

Polyethylene glycol (molecular weight 1000) _______ 30
Polyethylene glycol (molecular weight 200) ________ 20
Water e 50
@)

Polyethylene glycol (molecular weight 1000) _______ 30
Water e 70

In each test, there were used two photopapers Kodak
Projection Document Paper, Medium Weight, Statefile
84 of A4 size which were divided in two to obtain four
A5 size sheets for each test. The four sheets were de-
veloped 1 minute, dipped in water, and fixed for 10
minutes. Without prior rinsing, each sheet was then
immersed in 250 ml. impregnating bath for 10 minutes.
After the sheets were taken up from the baths, they were
run through a wringing machine and then dried for 20
minutes on a photodrier at about 100° C. The amount
of polyethylene glycol of molecular weight 1000 taken
up by each sheet was determined by the technique de-
scribed in Example 1. The following results were ob-
tained.

Amount of polyglycol (mol.
w. 1000) absorbed, in mg.
Bath: Average of 4 sheets
(&) 43
(b)) 26
(€ 208
(@) 184

The table shows that both the polyethylene glycol of
molecular weight 200 and the glycerol considerably in-
creased the absorption of polyethylene glycol.

Example 3

By the procedure described in Example 1, the absorp-
tion of polyethylene glycol (molecular weight 600) from
baths containing varying amounts of ethylene glycol was
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determined. The composition of the impregnating baths
and the results obtained are shown in the following
table.

Bath Composition, percent Absorbed amount of
polyethylene glycol in
mg. Average of 4

Polyethylene Ethylene Water sheets
glycol glycol

30 20 50 217

30 70 204

50 20 30 385

50 | eee 50 346

10 10 80 65

10 | el 90 b5

10 20 70 68

160 e o 90 51

10 30 60 71

10 | s 90 54

10 40 50 66

0 | e 90 51

It is clearly seen from the table that in every case,
the addition of ethylene glycol resulted in a significant
increase of the amount of polyethyléne glycol absorbed
as compared to impregnating baths without this addition.

Example 4

To determine the time to be gained by adding a poly-
hydric lower aliphatic alcohol in accordance with this
invention, the following tests were made.

Photopaper sheets of the same type as in Example 1
were divided in two, developed for 1 minute, dipped
in water and fixed for 10 minutes. One half was im-
mersed in a bath (a) comprising 10% of polyethylene
glycol (molecular weight 600) and 90% of water, the
other half in a bath (b) comprising 10% of polyethylene
glycol (molecular weight 600), 20% of ethylene glycol
and 70% of water. The test was repeated with varying
times of immersion. After the sheets had been removed
from the baths, they were run through a wringer and then
dried for 20 minutes in a photodrier at about 100° C.
The amount of polyethylene glycol absorbed by each
sheet was determined by the technique described in Ex-
ample 1. The results are set forth in the following table,
wherein each value is an average of two tests.

Bath Immersion time, Absorbed amount of
minufes polyglycol, mg.
- U 5 45
S, 5 56
2 S 10 58
10 62
15 54
15 69

The table shows that the polyglycol is taken up more
rapidly from a bath containing ethylene glycol. In the
latter case, practically the same amount of polyglycol
is taken up in 5 minutes as is taken up in 10 minutes
when no ethylene glycol is used.

We claim:

1. A method of reducing the curling tendency of paper
and paper-like materials and photographic paper, which
comprises applying to the paper an impregnating com-
position consisting essentially of a water-soluble poly-
alkylene glycol having a molecular weight within the
range from 100 to 6000, and a water-soluble polyhydric
aliphatic alcohol facilitating the absorption of the poly-
alkylene glycol in the paper, and having from about two
to about fifteen carbon atoms, the polyhydric alcohol
being in an amount within the range from 0.2 to 5 parts
by weight per part by weight of the polyalkylene glycol.

2. A method in accordance with claim 1, in which
the polyalkylene glycol is a polyethylene glycol having
a molecular weight of from 100 to 1000.

3. A method in accordance with claim 1, in which the
'water-soluble polyhydric aliphatic alcohol is selected
from the group consisting of glycerol, ethylene glycol,
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propylene glycol and polyethylene glycols having a molec-
ular weight of not over about 250.

4. A method in accordance with claim 1, in which
the composition comprises a mixture of polyalkylene
glycols.

5. A method in accordance with claim 1, in which
the composition comprises from 0.2 to 50 parts by weight
of water per part by weight of the polyalkylene glycol.

6. A method in accordance with claim I, which com-
prises applying the composition to the paper by dipping.

7. A process in accordance with claim 1, which com-
prises applying the composition to the paper by spraying.

8. Paper having a reduced tendency to curl and im-
pregnated with a composition consisting essentially of
a water-soluble polyalkylene glycol baving a molecular
weight within the range from 100 to 6000, and a water-
soluble polyhydric aliphatic = alcohol facilitating the
absorption of the polyalkylene glycol in the paper, and
having from about two to about fifteen carbon atoms, the
polyhydric alcohol being in an amount within the range
from 0.2 to 5 parts by weight per part by weight of the
polyalkylene glycol.

9. Photographic paper having a reduced tendency to
curl and impregnated with a composition consisting es-
sentially of a water-soluble polyalkylene glycol having
a molecular weight within the range from 100 to 6000,
and a water-soluble polyhydric aliphatic alcohol facili-
tating the absorption of the polyalkylene glycol in the
paper, and having from about two to about fifteen carbon
atoms, the polyhydric alcohol being in an amount within
the range from 0.2 to 5 parts by weight per part by
weight of the polyalkylene glycol.
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10. Paper coated with a photosensitive material and
impregnated with a composition consisting essentially of
a water-soluble polyalkylene glycol having a molecular
weight within the range from 100 to 6000, and a water-
soluble polyhydric aliphatic alcohol facilitating the ab-
sorption of the polyalkylene glycol in the paper, and
having from about two to about two to about fifteen
carbon atoms, the polyhydric alcohol being in an amount
within the range from 0.2 to 5 parts by weight per part
by weight of the polyalkylene glycol.

11. Paper coated with a thermosensitive material and
impregnated with a composition consisting essentially of
a water-soluble polyalkylene glycol having a molecular
weight within the range from 100 to 6000, and a water-
soluble polyhydric aliphatic alcohol facilitating the ab-
sorption of the polyalkylene glycol in the paper, and
having from about two to about fifteen carbon atoms,
the polyhydric alcohol being in an amount within the
range from 0.2 to 5 parts by weight per part by weight
of the polyalkylene glycol.
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