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This invention relates to the production of paper and 
more particularly to the production of resin-impregnated 
paper which includes synthetic ?bers, is ink-fast, and has 
a high wet-strength and high tear-propagation resistance. 
For the purpose of the present process the term “paper” 
designates any paper or paper-like material prepared on 
a paper-making machine, such as paper, bonded fabric, 
non-Woven fabric and similar ?at material. 

Various methods of producing paper wherein synthetic 
resins are used have been described. Thus, it is known 
to coat paper with a polyacrylic ester of high molecular 
weight; such papers however do not have a very high 
wet-strength. It is also known to size paper with acryl 
amide polymers. Improved wet strength is achieved by 
incorporating melamine resins in the paper pulp. Ger 
man Patent No. 902,967 describes the production of 
leather-like articles by binding a ?ber mixture with poly 
acrylic acid derivatives. British patent speci?cation No. 
797,943 proposes the impregnation of paper with poly 
esters of dicarboxylic acids and N-aryl-dialkanolamines. 
In a known process for the manufacture of paper from 
synthetic ?bers the ?bers are coated with sparingly solu 
ble cation-active or anion-active agents and a web is 
formed, the binder used being an N-alkoxypolyamide or 
a urea-formaldehyde condensate of high concentration. 
Further, it is known to produce a paper-like substance 
by coating a web of synthetic ?bers with a polyacrylic 
ester and subjecting it to hot calendering; this process is 
somewhat expensive. 

In our copending application Serial No. 133,304, ?led 
August 23, 1961, a process for the production of paper 
is described in which the paper includes synthetic ?bers, 
is ink-fast and has a high wet strength. The method 
employed is to add to an aqueous ?ber suspension, which 
contains synthetic ?bers, an amine-formaldehyde precon 
densate and optionally a water-soluble polyvalent metal 
salt, forming a web from such suspension, drying it, im 
pregnating the web with an aqueous/alcoholic solution 
of a linear copolyamide of‘high molecular weight, drying 
the web and, if desired, hot-calendering it. 

In that application and in the present application the 
term “synthetic ?bers” is used in the generally accepted 
sense of including both ?bers made from natural poly 
mers, as for example viscose ?bers, and those made from 
synthetic polymers such as polyamides. 
The synthetic ?bers preferably have a titre of 1.5-3 de 

nier and a staple length of 2—4 mm. in the case of ?bers de 
rived from natural polymers, and a titre of 1.5-3 denier 
and a staple length of 3-6 mm. in the case of ?bers made 
from wholly synthetic polymers, and may be combined 
with the known substances used in making paper pulps, 
such as rags, bleached or unbleached wood pulp or the 
like. Preferred mixtures contain 20-80% by weight of 
synthetic ?bers and 80-20% by weight of such other 
?brous materials. 
The copolyamides to be used in the aforesaid process 

should be readily soluble in aqueous alcohol, they should 
be colourless and, above all, their solutions should be 
stable and have little gelling tendency at room tempera 
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ture. Such copoyamides are good ?lm-formers and melt 
at a relatively low temperature. 
The “reduced viscosity” mentioned hereinafter is de 

?ned by the formula: 
' ln 1; rel. 

c 

(where ln represents the natural or Napierian logarithm, 
11 rel. the relative viscosity and c the concentration of the 
solution in grams per 100' ccs. of solution), measured at 
20° C. in a solution of the copolyamide of a concentra 
tion 0:0.2 gram copolyamide per 100 cc. of solution. 
The solvent is sulphuric acid of 93.7% strength. 
Among the aforementioned copolyamides those are par 

ticularly suitable for use in the said process which can 
be prepared by polymerising a mixture of a salt of a 
diamine and a dicarboxylic acid with a lactam of an 
w-aminocarboxylic acid and/ or with an aminocarboxylic 
acid. The binary copolyamides of hexamethylene di 
ammonium adipate and e-aminocaprolactam Within the 
range of 35-45% by weight of hexamethylene diam 
monium adipate and 65-55% by Weight of e-amino 
caprolactam are particularly suitable. For the prepara 
tion of ternary copolyamides there may be used, for 
example, mixtures of 10-20% by weight of w-amino 
undecyclic acid, ‘40-30% by weight of hexamethylene 
diammonium adipate and 50% by weight of e-amino 
caprolactam. Such copolyamides should have, for ex 
ample, a reduced viscosity of 1.10 to 1.30 and, according 
to the proportions used, a melting point of 165-185 ‘’ C. 
After a preliminary partial swelling at room temperature 
they dissolve at 60° C. in 67% aqueous ethanol or metha 
nol to give solutions of 8 to 12% strength. These solu 
tions are clear and viscous and do not gel even after 
standing for several days at room temperature. On the 
other hand, a solution of 10% by Weight strength in 95% 
alcohol gels after a few hours. A ?lm obtained from a 
7.5% solution is clear, tough and stretchable; the ?lms 
have a breaking length of 1.7 to 2.5 kilometers and an 
elongation at break of 150 to 300%. 

It has proved particularly advantageous to add to the 
paper pulp a reagent capable of cross-linking the copoly 
amide added to the paper base by the impregnation. For 
this purpose it is of advantage to use a cationic melamine 
formaldehyde precondensate having al?nity for the ?ber, 
if desired in the presence of a small amount of aluminium 
sulphate. Such precondensates can be obtained by dis 
solving trirnethylolmelamine in water, adding formic or 
hydrochloric acid to this solution and letting it ripen for 
several hours until it displays a bluish opalescence. Such 
a solution is stable for 12 to 14 hours. 
The cross-linking of the substratum with the copoly 

amide ?lm and/or of the copolyamide alone may be 
achieved with the application of heat and under super 
atmospheric pressure. In this case a small amount of 
aluminium sulphate contained in the paper base acts as 
a mild catalyst. 
For the purpose of further improving the wet strength 

or stability to Water respectively a small amount of a 
cross-linking substance, such as 1:6-hexamethylene-N:N’ 
bis-(ethylene-urea) or formaldehyde donors and/or of 
a hydrophobising agent which likewise reacts chemically 
with the substratum and the copolyamide, such as octa 
decyl ethylene-urea, may be added to the impregnating 
liquor. Such additives must be compatible with the dis 
solved copolyamide, that is to say they must not pre 
cipitate from the copolyamide solution or be inactivated 
by it. When an imine is present no acidic catalyst should 
be present since otherwise the ethyleneimide derivatives 
would precipitate from the aqueous alcoholic solution or 
be inactivated by it. 

It has now been discovered that the Elmendorf tear 



3,141,813 
3 

of paper so manufactured is substantially improved by 
impregnating the web not only with the copolyamide of 
high molecular weight but also with a polyacrylic acid 
ester of high molecular weight. 

According to the present invention, therefore, there is 
provided a process for the production of paper which 
comprises forming an aqueous suspension of ?bers in 
cluding synthetic ?bers, adding thereto an amineforrnal~ 
dehyde precondensate, and optionally also a water-soluble 
polyvalent metal salt, forming a web from such suspen 
sion, drying it, impregnating the web with an aqueous 
alcoholic solution containing a linear copolyarnide of high 
molecular weight and a polyacrylic acid ester of high 
molecular weight, drying the web and, if desired, hot 
calendering it. Both linear copolyamide and polyacrylic 
ester must be ?lm-forming. (lo-pending application Serial 
No. 133,304 indicates that a useful range of reduced 
viscosities, as de?ned above, for the copolyamides is 1.10 
to 1.30. The viscosity number of the polyacrylic esters 
may be between 1.5 and 3.5 as measured by forming a 
?lm from the commercial product, drying it in vacuo 
over phosphorus pentoxide, dissolving the ?lm in a 1:9 
mixture of ethanol and tetrachlorethane, determining the 
viscosities of a series of solutions of concentrations rang 
ing from 0.05 to 0.4 g. of polymer per 100 ml. of solu 
tion at a temperature of 20°i0.05° C. using an Ostwald 
viscometer of 5 cc. capacity and a running time of 70-80 
seconds for the solvent used and ?nally extrapolating the 
series to zero concentration; viscosity number 

[ ]_lin1 (17 spec.) 

where 11 spec. is the speci?c viscosity and c the concen 
tration. 
The invention further includes paper manufactured by 

the process just set forth. 
It is to be understood that the materials used and the 

speci?c techniques described in our copending applica 
tion Serial No. 133,304 ?led August 23rd, 1961, and 
which have been referred to brie?y above, may, taking 
into consideration the speci?c differences between the 
two processes, be employed in the process of the present 
invention. 
To achieve a particularly high wet strength it has proved 

advantageous to add to the aqueous alcoholic solution a 
hydrophobising agent as well as a small amount of cross 
linking agent, such as a formaldehyde donor (e.g. mel 
amine resins or a diethylene urea derivative) and to press 
the impregnated sheet at an elevated temperature, for 
example on a hot calender. These measures have been 
described in our copending application Serial No. 133,304 
?led August 23rd, 1961. 
The process is illustrated in the accompanying drawing 

by a ?ow diagram in which the continuous lines indicate 
the main features of the invention and the discontinuous 
lines indicate subordinate features. 
The following example illustrates the invention: 

Example 
In a vat a suspension is prepared from 0.8 kg. of 

bleached and ground sulphate cellulose, 0.4 kg. of ground 
aspen wood pulp and 0.8 kg. of staple ?ber of poly 
hexamethylene adipamide (staple length 4 mm., ?ber titer 
2 denier) and 150 liters of Water by stirring. This sus 
pension is treated with a mixture of 40 grams of a mel 
amine-formaldehyde precondensate (39% nitrogen) with 
12 grams of formic acid, an aqueous solution of 62 grams 
of alum is run in, the whole is mixed and then made 
up with water to 200 liters. The pH value of this aque 
ous suspension in the stuff chest of the paper-making 
machine ranges from 5 to 6. This suspension is con 
verted on a Fourdrinier paper-making machine into a 
paper web and dried. The moist paper web does not 
stick to the wet felt roller. 
The weight in grams per square meter of the paper 
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bases, prepared in the above-mentioned manner, was 
varied between 54 and 72. These paper bases are treated 
according to the following speci?cations to have in all 
cases a ?nal weight of about 72 grams per square meter 
in the ?nished state: 

(a) The ?rst piece (1) is used only for measuring the 
properties of the paper base and is hot calendered for 
one second at 165 ° C. 

(b) The second piece (2) is impregnated at room 
temperature while travelling at a rate of 3 meters per 
minute by passing it through a solution of 10% by weight 
of a copolyamide in 67% by weight aqueous ethanol. 
The copolyamide is prepared from ‘40% by weight of 
hexamethylene diarnmonium adipate and 60% of E-amino 
caprolactam and has a melting point of 165° C. and a 
reduced viscosity (as hereinbefore de?ned) of 1.18. The 
paper is then dried on a drying cylinder under a pressure 
of 0.9 atmosphere gauge and hot calendered for one sec 
ond at 165° C. 

(c) The third piece (3) is impregnated according to 
the present process with a solution of 8.75% of the afore 
mentioned copolyamide, 1.25% (calculated as solids) of 
a commercial non-ionic polyacrylic acid ester emulsion 
containing free carboxyl groups and having a solids con 
tent of 46.5% (pl-l value 6.0 to 6.5) in 67% by Weight 
aqueous ethanol, as described above under (12), and then 
further processed as described above. The product used 
was that sold by “Rohm & Haas Company of Philadelphia 
under the name Rhoplex B15. It was the ethyl ester, had 
a saponi?cation number of 530 mg. of KOl-I per gram 
of solids, 0.082 free carboxyl groups per structural (mono 
mer) unit and a viscosity number of 2.55 measured as 
described above. 

(d) The fourth piece (4) is further treated according 
to the process of our copending application Serial No. 
133,304 ?led August 23rd, 1961. For this purpose the 
paper is impregnated as described above under (15) with 
a solution of 10% by weight of the aforementioned co 
polyamide, 1.05% of an alkyl-modi?ed hexamethylol 
melamine, 0.5% of a hydrophobising agent based on 
octadecyl ethylene urea in 67% by weight aqueous etha 
nol, and then further treated as described above. 

(2) The ?fth piece (5) of the paper web is treated 
by the present process. The impregnation, drying and 
calendering are carried out as described under (b) above, 
except that the impregnating solution consists of 8.75% 
by weight of the aforementioned copolyamide, 1.25% of 
the polyacrylic acid ester emulsion used under (0) above, 
1.05% of the hexamethylolmelamine used under (d), 
0.5 % of the hydrophobising agent used according to (a') 
in 67% aqueous ethanol. 
Of all 5 papers, pieces having an identical weight of 

about 72 grams per square meter were measured. The 
results of the measurements are shown in the following 
table: 

Break- Breaking Break- Wet Breaking 
Specimen ing elonga- length, strength elonga- Elmen 
N 0. length, tion dry, Wet, in in pen tion Wet, dorf 

dry, in in per- km. cent 1 in per- tear 2 
km. { cent cent 

0. 995 1. 66 <0. 2 <20 ________ __ 77. 5 
4. 63 7. 34 1.72 37 8. l 244. 0 
4. l1 8. 10 l. 67 40 8. 1 295. 0 
5. 041 7. 80 2. 57 51 10. 2 192. 0 
5. 26 8. 1O 2. 49 47 10. 3 275. 5 

1 Wet strength=b4~——~—reakm° mew’ ‘mxioo. 
breaking length, dry 

2 Elmendorf tear, in the longitudinal machine direction, in grams 
correeted for a paper weight of 100 grams per square meter. 

As will be seen from the above table, the hot calendered 
paper base has only a restricted dry strength and a wet 
strength which is so low that it is di?icult to measure it 
with the available instruments. The Elmendorf tear is 
likewise relatively low. By a treatment of the paper with 
copolymer and polyacrylic compound as eifected for speci 
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men (3), some increase in the wet strength and a con 
siderable increase in the Elmendorf tear is achieved com 
pared to specimen (2) not treated according to the pres 
ent invention. The treatment applied to specimen (4), 
according to the process of our copending application 
Serial No. 133,304 ?led August 23, 1961, aims primarily 
at improving the wet strength of the paper and this aim 
is actually achieved, but the Elmendorf tear is substan 
tially reduced. The treatment of specimen (5) accord 
ing to the present invention, with a combination of co 
polyamide, cross-linking agent and hydrophobising agent 
and copolyacrylic compound produces a paper of very 
high wet strength and Elmendorf tear and a relatively high 
stretchability. 

It is remarkable that the treatments according to the 
present invention produce a chemical bond between the 
resins and the ?bre material in spite of the extremely short 
condensation period of only one second, without adding 
any catalyst to the aqueous alcoholic binder solution. 
This fact is especially important since the polyacrylic acid 
ester emulsions and the ethylene imine derivatives in al 
coholic solution are incompatible with acid catalysts and 
tend to precipitate when an acid catalyst is present in 
the impregnating solution. 
The fact that the resins have actually entered into a 

chemical bond with the ?bre material is shown by the 
following experiment: 
A test sheet obtained by the treatment under (e), con 

taining 40% by weight of polyamide ?bers, was immersed 
for 5 hours in alcohol, then rinsed with fresh alcohol and 
dried at 60° C. The change in relative percent in the 
properties resulting from these treatments was as follows: 

Breaking strength dry ___________ __ Increased by 2.7%. 
Breaking strength wet __________ _. Increased by 1.0%. 
Elrnendorf tear ________________ __ Reduced by 8.0%. 

Since the binders were applied in the form of an alcoholic 
solution, the breaking strength would be expected to show 
a decrease of at least 50% if the binder had not formed 
a chemical bond with the ?bers. 

Writing tests with ink, drawing ink, and coloured inks 
on papers prepared according to the present process as 
described under (c) and (8) revealed a very high ink 
fastness. In these tests specimens of extremely porous 
paper containing 80% of polyamide ?bers were treated for 
4 hours at room temperature with water, with hydro 
chloric acid of 4% strength and with sodium hydroxide 
solution of 4% strength, then washed and dried, after 
which it was possible to write on them without the ink 
running, and to print on them. Furthermore, the me 
chanical properties of the paper were not adversely 
aifected by such treatments. 

It is also to be noted that the paper produced accord 
ing to the present invention has excellent heat stability. 
Thus, the properties were found not to be adversely 
affected even after heating for several days at 105° C. 
The papers produced according to the present inven 

tion may be die-stamped, creped and otherwise embossed. 
We claim: 
1. In a process for the production of paper which con 

tains a proportion of synthetic ?bers and in which an 
aqueous suspension of the ?ber containing an amine 
formaldehyde precondensate is formed into a web and 
dried and the dried web is thereafter impregnated with an 
aqueous alcoholic solution of a linear copolyamide as ?lm 
forming constituent and drying the impregnated sheet, 
the improvement which consists in including in the said 
aqueous-alcoholic solution a further ?lm-forming con 
stituent consisting of a polyacrylic ester, the total concen 
tration of ?lm-forming constituent in said solution being 
about 10% by weight and the concentration of copoly 
amide being about 8.75%. 

2. In a process for the production of paper which con 
tains a proportion of synthetic ?bers and in which an 
aqueous suspension of the ?ber containing an amine-form 
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6 
aldehyde precondensate and a water-soluble salt of a 
polyvalent metal is formed into a web and dried and the 
dried web is thereafter impregnated with an aqueous al 
coholic solution of a linear copolyamide as ?lm-forming 
constituent and drying the impregnated sheet, the improve 
ment which consists in including in the said aqueous-al 
coholic solution a further ?lm-forming constituent con 
sisting of a polyacrylic ester, the concentration of copoly 
amide being about 8.75% by weight and the concentra 
tion of polyacrylic ester being about 1.25% by weight. 

3. In a process for the production of paper which con 
tains a proportion of synthetic ?bers and in which an 
aqueous suspension of the ?ber containing an amine 
formaldehyde precondensate is formed into a web and 
dried and the dried web is thereafter impregnated with 
an aqueous alcoholic solution of a linear copolyamide as 
?lm-forming constituent and a cross-linking agent and 
drying the impregnated sheet, the improvement which 
consists in including in the said aqueous-alcoholic solu 
tion a further ?lm-forming constituent consisting of a 
polyacrylic ester, the concentration of said linear co 
polyamide in said solution being about 8.75% by weight 
and the concentration of said polyacrylic ester being about 
1.25% by weight. 

4. In a process for the production of paper which con 
tains a proportion of synthetic ?bers and in which an 
aqueous suspension of the ?ber containing an amine-form 
aldehyde precondensate and aluminium sulphate is formed 
into a web and dried and the dried web is thereafter im 
pregnated with an aqueous alcoholic solution of a linear 
copolyamide as ?lm-forming constituent and a cross-link 
ing agent and drying the impregnated sheet, the improve 
ment which consists in including in the said aqueous 
alcoholic solution a further ?lm-forming constituent con 
sisting of a polyacrylic ester, the concentration of said 
copolyamide in said solution being about 8.75% by weight 
and the concentration of said polyacrylic ester being about 
1.25% by weight. 

5. In a process for the production of paper which con 
tains a proportion of synthetic ?bers and in which an 
aqueous suspension of the ?ber containing an amine—form 
aldehyde precondensate is formed into a web and dried 
and the dried web is thereafter impregnated with an aque 
ous alcoholic solution of a linear copolyamide as ?lm 
forming constituent and a hydrophobising substance and 
drying the impregnated sheet, the improvement which con 
sists in including in the said aqueous-alcoholic solution a 
further ?lm-forming constituent consisting of a poly 
acrylic ester, said polyacrylic ester being about 1.25% by 
weight of said solution and said copolyamide being about 
8.75% by weight of said solution. 

6. In a process for the production of paper which con 
tains a proportion of synthetic ?bers and in which an aque 
ous suspension of the ?ber containing an amine-formalde 
hyde precondensate is formed into a web and dried and 
the dried web is thereafter impregnated with an aqueous 
alcoholic solution of a linear copolyamide as ?lm-forming 
constituent and a hydrophobising substance reactive 
chemically with both the material of the web and the 
copolyamide and drying the impregnated sheet, the im 
provement which consists in including in the said aqueous 
alcoholic solution a further ?lm-forming constituent con 
sisting of a polyacrylic ester, said polyacrylic ester being 
about 1.25 % by weight of said solution and said copoly 
amide being about 8.75% by weight of said solution. 

7. In a process for the production of paper which con 
tains a proportion of synthetic ?bers and in which an 
aqueous suspension of the ?ber containing an amine-form 
aldehyde precondensate is formed into a web and dried 
and the dried web is thereafter impregnated with an 
aqueous alcoholic solution of a linear copolyamide as ?lm 
forming constituent and a octadecylethylene urea and dry 
ing the impregnated sheet, the improvement which con 
sists in including in the said aqueous-alcoholic solution a 
further ?lm-forming constituent consisting of a poly 
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acrylic ester, said polyacrylic ester being about 1.25% by 
Weight of said solution and said copolyamide being about 
8.75% by weight of said solution. 

8. In a process for the production of paper which con 
tains a proportion of synthetic ?bers and in which an 
aqueous suspension of the ?ber containing an amine-form 
aldehyde precondensate is formed into a web and dried 
and the dried web is thereafter impregnated with an 
aqueous alcoholic solution of a linear copolyamide as 
?lm-forming constituent and a bifunctional ethylene imine 
derivative and drying the impregnated sheet, the improve 
ment which consists in including in the said aqueous-ah 
coholic solution a further ?lm-forming constituent con 
sisting of a polyacrylic ester, the concentration of said 
copolyamide in said solution being about 8.75% by Weight 
and the concentration of said polyacrylic ester being about 
1.25% by Weight. 

9. In a process for the production of paper Which con 
tains a proportion of synthetic ?bers and in which an 
aqueous suspension of the ?ber containing an amine-form 
aldehyde precondensate is formed into a Web and dried 
and the dried web is thereafter impregnated with an aque 
ous alcoholic solution of a linear copolyamide as ?lm 
iorming constituent and a formaldehyde donor and drying 
the impregnated sheet, the improvement which consists 
in including in the said aqueous-alcoholic solution a fur 
ther ?lm-forming constituent consisting of a polyacrylic 
ester, the concentration of said copolyamide being about 
8.75% and the concentration of said polyacrylic ester 
being about 1.25%, both by weight, of said solution. 

10. Process according to claim 9, wherein the ?bers 
used comprise 20-80% of synthetic ?bers. 

11. In a process for the production of paper which 
contains a proportion of synthetic ?bers and in which 
an aqueous suspension of the ?ber containing trimethylol 
melamine is formed into a web and dried and the dried 
web is thereafter impregnated with an aqueous alcoholic 
solution of a linear copolyamide as ?lm-forming con 
stituent and drying the impregnated sheet, the improve 
ment which consists in including in the said aqueous-al 
coholic solution a further ?lm-forming constituent con 
sisting of a polyacrylic ester, the concentration of said 
copolyamide being about 8.75% and the concentration 

10 

15 

8 
of said polyacrylic ester being about 1.25%, both by 
weight of said solution. 

12. In a process for the production of paper which con 
tains a ‘proportion of synthetic ?bers and in which an aque 
ous suspension of the ?ber containing an amine-formalde 
hyde precondensate is formed into a web and dried and 
the dried web is thereafter impregnated with an aqueous 
alcoholic solution of a linear copolyamide as ?lm-forming 
constituent and drying and hot-calendering the impreg 
nated sheet, the improvement which consists in including 
in the said aqueous-alcoholic solution a further ?im~form 
ing constituent consisting of a polyacrylic ester, the con 
centration of said copolyamide being about 8.75% and 
the concentration of said polyacrylic ester being about 
1.25 %, both by Weight, of said solution. 

13. In a process for the production of paper which con 
tains a proportion of synthetic ?bers and in which an 
aqueous suspension of the ?ber containing, based on the 
?ber, about 1% by weight of a polymethylol derivative of 
melamine is formed into a web and dried and the dried 
web is impregnated with an aqueous-alcoholic solution 
of a linear copolyamide as ?lm-forming constituent and 
drying the impregnated sheet, the improvement which 
consists in including in the said aqueous-alcoholic solution 
a further ?lm-forming constituent consisting of a poly 
acrylic ester containing free carboxyl groups, the total 
concentration of ?lm-forming constituents in said solu 
tion being about 10% by Weight of which about seven 
eighths consists of the linear copolyamide and the re 
mainder of the polyacrylic ester. 
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