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Effect of Uncatalyzed Formaldehyde Crosslinking on
Physical and Mechanical Properties of Papers
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Table 1. Some of the physical charaeteristies and mechanical properties of
untreated filter paper and kraft paper.

filter paper kraft paper

swelling along eross direction (%) 3.58 4.26

swelling in thickness (%) 13.5 —

thickness (mm) 0.165—0.185 0.080

basis weight (g/m?) 8090 40

tensile test®

- tensile modulus (dyne/em?) (4.284:0.37) X 10° (5.06-:0.25) X 10°
tensile strength (kg/em?) 64.0::4.6 62.9:4:2.2
breaking length (km) 1.32::0.09 1.26-:0.04
clongation at break (%) 4.46::0.39 2.91:40.19
maximum work (kgem) (3.58::0.51) X 1073 (1.53:40.15) X 107°°

MIT folding endurance® (double folds) 15.6-:2.1 8.84:0.6

a) Mean value and its 95% confidence linits of 15 and 20 strips for filter paper and kraft
paper, respectively.

b) Mean value and its 95% confidence limits of 31 and 30 strips for filter paper and kraft
paper, respectively.
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Fig. 1 Relationship between reduetion in swelling and bound formaldehyde
content for filter (@), and kraft paper (b}, The abscissa is
graduated in square root seale.

Note : The broken line was quoted from A. J. Stamm?¥.
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Fig. 2 Dependence of reduetion in swelling on reaction time for filter
paper under concentration of 1.35x107*mol formaldehyde/liter.
The abscissa is graduated in square root seale.

Notes : O 100°C (z=11), A 110°C (2=2.3), [] 120°C (&= 1),
© 130°C (2=0.56), A& 140°C (¢=0.56), B 150°C (z=0.67)
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Fig. 3 Dependence of reduction in swelling on reastion time for kraft paper.
The adseissa is graduated in square root scale.
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Table 2, The erystallinity indices of untreated and formaldehyde treated papers.

reduction in swelling (%) filter paper kraft paper
0 (untreated) 0.737-:0.017% 0.584:£0.020%

50 0.73340.017 0.580:£0.018

80 0.676::0.015 0.595:£0.034

a) Mean value of 5 samples and its 95% confidence limits.
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Pig. 5 Relationship between some of mechanical properties and reduction in swelling ; (@) filter
paper, (b kraft paper.

Notes: A & O tensile strength, B elongation at break, C tensile modulus, D maximum work,
E & & MIT folding endurance (logarithmic seale)
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Résumé

A chromatograph filter paper and a kraft paper for eleetroytic capacitor were treated
with vaporous formaldehyde without catalyst, and some of their physieal and mechanieal
properties were determined. Though it needs a longer reaction time compared with the
catalyzed reaction, reduction in swelling as high as co. 80% could be attained without
catalyst. In the initial stage of the reaction, the rate of dimensional stabilization was
proportional to the square root of reaction time. In the case of filter paper, it depended
on the reaction temperature below ca. 130°C, and kept constant above this temperature.
On the other hand, for the kraft paper, the initial rate increased even at 190°C, and
the apparent activation energy was about 25keal/mol. These results suggest that for
the filter paper, as the reaction temperature was raised, diffusion of the reagent
becomes a rate-determining step, and for kraft paper, the diffusion does not eontrol the
reaction rate in the temperature range examined.

Concerning the mechanical properties, tensile strength inereased with reduetion in swell-
ing for both filter paper and kraft paper, and their original MIT folding endurance
values were maintained until 60 and 80% of reduetion in swelling, respectively. This
excellent retention of mechanical properties may be characteristic of the uneatalyzed
reaction. The faet that the filter paper degradated slightly more than kraft paper can
be understood from its decrease in x-ray crystallinity index accompanied by the inecrease
in dimensional stability.





