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ABSTRACT

As for the mechanism of water absorption into
uncoated and coated papers, it has been shown that
the absorption process follows basically Lucas-Wash-
burn’s equation after some wetting delay. Various
factors are involved in the absorption process.
Adsorption of water molecules to the paper surface
or to the walls of pores in a paper sheet results in
a change of contact angle. This work was conduc-
ted with a view to elucidate this process.

First, the moisture content of paper was contro-
lled by placing paper samples in conditioned air
with constant humidity(20,65, and 95% R.H.) to
prepare samples with different water adsorption
levels. Secondly, water was absorbed into these
samples using Bristow’s method. Bristow’s apparatus
was covered with vinyl sheets, and the conditioned
air was pumped inside. Bristow’s apparatus covered
with vinyl sheets has the same relative humidity as
used in the conditioning of paper samples.

It has been shown that the water absorption rate
increased with relative humidity for commercial
weak-sized papers. However, the absorption rate was
lowest at 95% R.H., and was almost the same at 20%
and 65% R.H. for sized paper and coated paper of
which the base paper is considered to be sized. The
difference of absorption rate stemmed from the





[image: image2.png]humidity change was expected to be related to the
way the sizing effect developed.

INTRODUCTION

The mechanism of water absorption into paper has
been studied by many researchers, and it is clear
that the rate of water absorption basically follows
Lucas-Washburn’s equation. However, paper is
a porous material which consists mainly of moistu-
re absorptive cellulose. It has been pointed out
that when such material absorbs water, the adsorpti-
on of water molecules from the vapour phase onto the
fiber wall affects the absorption rate(1,2). If
this hypothesis is true, the paper prepared under
different humidity conditions with different water
adsorption levels must show different absorbabi-
lity. This study was attempted to elucidate this
hypothesis.

EXPERIMENTAL

The rate of water absorption into paper was
measured using Bristow's apparatus. This device consi-
sts of a rotating wheel with a small headbox which
can be drawn over the surface of a paper sheet fixed
on its periphery. Any rotating speed is available
for the wheel and the headbox, with a 1-mm in the
rotating direction by 15-mm slice opening,is filled
with 444 water dyed with 0.1X toluidine blue and is
applied with a pressure of 0.1 MPa. Transferred
water volume versus the contact time of water to
paper surface was calculated from the values of the
selected speed and the length of the drawn trace.

The paper strips used in this study were the
printer form, weak-sized paper(starch size-pressed)
and 2-sided coated paper, which are all commercially
available. In addition, handmade sheets with diffe-
rent sizing agents and sizing levels were prepared
using a oriented sheet former.

The paper samples were conditioned in desiccato-
rs which contain either Na;S80; saturated solution
for 95%XR.H. or CH,;COOK for 20XR.H.. The measureme-
nt was made in the constant conditioning(20<%,
65%R.H.) room. The paper samples were placed in the
conditioning room more than 24 hours before testing.
In the absorption test, air of the same relative
humidity as used when the sample had been condition-
ed was kept pumping from a humidity generator.
Besides, the moisture content of the paper samples
under each humidity condition was also measured.

RESULTS AND DISCUSSION
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Moisture content(%) Basis
Kinds of paper - —  weight
O%R.H. 20%R.H. G5%R.H. 95%R.H. (g/mz)
Printer form 0 5.37 10.19 14.17 63.8
Weak-sized paper [+] 5.44 8.05 11.86 71.3
Coated paper 0 3.01 5.58 8.28 -
A(Hard rosin sizing) [ 6.39 9.73 13.77 62.4
B{Weak rosin sizing) 0 6.21 9.89 13.63 58.9
C{Hard AKD sizing) 0 6.73 10.56 14.22 60.8
D(Weak AKD sizing) o 5.89 9.61 13.49 62.6
20 1
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Fig.l Change of moisture content vs.
humidity of conditioning air

First, the moisture content of each paper
gample under different relative humidities and basis
weight are shown in Table 1. and Fig.l. It was
observed that the printer form, the hard-sized paper
showed higher moisture contents than the weakly-sized
paper. Since the extent of beating is not clear,
the comparison of the printer form to the weak sized
paper 18 questionable. Generally the moisture
content seems to be independent of the extent of
sizing as seen in the results for handmade sheets
prepared from the pulp which had been subjected to
beating to the same level. The moisture content of
coated papers was expressed by two methods. One
method was to express on the basis of the oven dried

relative





[image: image4.png]weight including the coating layer. The other was
to express only for the basepaper layer, which was
determined by substituting the weight of the coating
layer remaining after cellulase treatment from the
total weight. This change is indicated by a dotted
line ,also in Fig.1l, and shows almost the same
tendency as the printer form.

Water absorption rates for respective paper
samples are shown in Fig.2-Fig.5. Figure 2 shows
the water absorption rates of the printer form under
3 stages of relative humidity change indicated in
the figure. At 20% and 65%R.H., the absorption
rates were almost the same and much higher than that
in 95%R.H. In the case of the weakly-sized paper, on
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Fig.2 Amount of water transferred to the felt side

of printer form vs. contact time
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Fig.3 Amount of water transferred to the wire side
of weakly-sized paper vs. contact time





[image: image5.png]the other hand, the rate increased when the atmosph-
eric humidity became higher, as shown in Fig.3.
This result is consistent with the hypothesis
described so far that the adsorption of water
molecules to paper -is one of the factors involved
in the water absorption mechanism other than Lucas-
Washburn’s equation. The absorption rates for the
coated paper is shown in Fig.4. The rate was
slightly higher at 95%R.H. than at the other two
relative humidity values for the case when water was
considered to penetrate through the coating layer.
But when water penetrated through the base paper,
that is, after nearly 0.5 seconds the absorpt-
ion rate became opposite. The tendency in this
region observed for the base paper layer is the same

with that of printer form.
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Fig.4 Amount of water transferred to coated papers
vs. contact time on a square-root time scale

Now, an interesting point was that the water
absorption rate into sized paper decreased with
relative humidity, whereas the result in the case of
the weakly-sized paper was reasonable. Several
reasons are plausible for such a difference The
extension of pore size caused by an increase in
moisture content could be one factor. As for this
possibility, the least I can conclude is that
changes in pore size did unot occur when the paper
samples were conditioned, because the organic
liquid {linseed 0il) absorption rate into the same
printer form conditioned in advance was independent
of conditioning humidity as shown in Fig.5. It
implies that the total pore volume agssociated with
the liquid absorption passages was kept constant
before water absorption started regardless of relat-
jve humidity values. But, the possibility that
extension of pore size occurs in penetrating cannot
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Fig.5 Amount of linseed o0il transferred to the wire
side of printer form vs. contact time on =a
square-root time scale

be denied. It is difficult to comsider that an
extension of pore size took place during penetration
because the transfer curves in the contact time
region within several seconds after the wetting time
shown in Fig.3 may be sufficiently linear to prove
lower extension, compared to the shape for the
weak-sized paper shown in Fig.4. Practically, only
the component of the extension of pore size during
penetration involved in water absorption cannot be
separated.

Another cause may be that the factor regulating
the water absorption rate is probably the change in
chemical properties of paper surface and pore wall
surface affected by adsorption of water molecules.

CONCLUSIONS

The rate of water absorption into hard-sized
paper was lower when the relative humidity for
conditioning paper was higher. For weak-sized
paper, on the other hand, the rate was higher with
relative humidity for conditioning, which was consi-
dered to be explained by the effect of adsorption of
water molecules out of the vapour phase onto fiber
surfaces. The difference between them was consider-
ed to be due to the change in chemical properties of
sizing agent attached to paper or pore wall surface.
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