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Wood pulp fibers generally contain
electrolytes and dissociative groups,
such as the carboxyl group (7). The
dissociation of these groups depends
on the physical state of water within
the pulp web. Therefore, the relation-
ship between the electrical conduc-
tivity and the amount of water in the
wet pulp web can be expected to
characterize the state of the water in
the pulp web.

There has been a great deal of re-
search into the electrical conduectivity
of paper in the z-direction under con-
ditions ranging from dry to moist.
Most of this research has been related
to the production of electrical insula-
ting paper (2, ). However, there are
no available data regarding the elec-
trical conductivity of wet pulp webs,
with the exception of Stamm’s experi-
ments, in which the electrical condue-
tivity of paper containing a dilute salt
solution was measured (4).

This article describes the measure-
ment of the electrical specific condue-
tivity of wet pulp webs with water
contents (g water/g fiber) ranging
from about 30% to about 400%, The
method used is one that was developed
primarily for electrolyte solutions.
This method uses an alternating-
current bridge and is suitable for wet
pulp webs because it avoids polariza-
tion at the electrodes. The experimen-
tal results show that specific conduc-
tivity ean be used to evaluate the
degree of pulp beating.

Resuits and discussion

Both the fibers and the water in a wet
pulp web participate in conduction of
electricity through the wet web. Con-

1. Logarithmic plot of caiculated electrical specific conductivity (S/cméfiber and water) as
a function of water content (g water/g fiber) for fines-free bleached kraft pulp wet webs.

sequently, the electrical specific condue-
tivity per volume of fiber and water
(S/em? fiber and water) is calenlated
from the mass of fibers and water and
themeasured electrical resistance. Den-

sities for the fiber wall and water are

assumed tobe 1.5 g/em®and 1.0 g/ems3,
respectively. This conductivity, known
as the “caleulated electrical specific
canduetivity,” is hereafter referred to
as the “specific conductivity.”

The logarithmic relationship be-
tween specific conductivity and water

content is shown in Fig. 1. Regardless
of the degree of beating, the specific
conductivity of a pulp suspension is the
same as that of the water itself. In pulp
suspensions, the specific conductivity
depends only on the purity of the tap
water. Figure 1 shows that fibers
condition has no effect on the specific
conduetivity of a pulp suspension.

As the consolidation proceeds, the
specific conductivity of the beaten wet
pulp web increases to a maximum and
then decreases. The lower the water
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content below a value of about 100%,
the more the specifie conduetivity de-
creases. Similar behavior for specific
conductivity vs. water content was
reported for natural polymer hydro-
gels, suchas agar gel, by Mizuguchi ef
al. (5). According to these authors, the
increase in electrolyte and dissociative-
group consistency resulting from sam-
pledrying should inerease the specific
conductivity. However, below a water
content of about 100%, the physical
state of water in the wet web is differ-
ent from that of free water, i.e., the
dissociative function of water in the
wet pulp web is less than that of free
water.

Because wood pulp fibers and agar
belong to a similar group of natural
polymers, it would seem that Mizu-
guchi ef al’s observations regarding
specific conduectivity and water con-
tent would be generally applicable to
wet pulp webs. However, the structure
of the paper web complicates the situa-
tion. Water is distributed unevenly
within the wet web on both the macro-
scopie scale (fiber dimension) and the
microsecopic scale (micele dimension).
Consequently, the data in Fig. 1 alone
are insufficient to deseribe the rela-
tionship hetween water content and
the physical state of water in a wet
pulp web.

It is well known that beating in
water makes the fiber wall structure
more open. This eould allow dissocia-
tive groups in the fiber wall to contrib-

- ute to electrical conduction through a
wet pulp web, thus increasing specific
conduectivity. Light beating is partic-
ularly effective in making the wall
structure open. On the other hand,
beating in benzene cuts the fibers
instead of causing fibrillation within
the fiber wall. This absence of inner
fibrillation is thought to be the reason
why the specific conductivity of the
wet web beaten in benzene is the
lowest in the series of wet webs in Fig.
1. ‘

The basic properties of the four
pulps in Fig. 1 are presented in Table
I. The relationship among these pulp
properties is consistent with the rela-
tionship evident in Fig. 1 between
specific conductivity and beating. The
freéness and the water-retention val-
ues (WRV)arealmost identical for the
pulp beaten in benzene and the un-
beaten pulp. On the other hand, the
strength properties of a dry sheet
formed from the unbeaten pulp are
higher than those of a sheet formed
from the pulp beaten in benzene, al-
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though the sheet density of the latter is
higher than that of the former. In
conirast, beating in water causes a
large increase in strength properties,
as well as in sheet density and WRV.
Light beating is particularly effective
in this respect, although the decrease
in freeness is not large.

The content of electrolytes and dis-
sociative groups varies from pulp to
pulp. Therefore, while specific con-
ductivity itself is not 2 good index of
the degree of beating, the relative
change in specific conductivity with
beating would provide a good index of
the effect of beating, especially with
respect to inner fibrillation.

Conclusions

A method of measuring electrical speci-
fic econductivity was developed for wet
pulp webs with water contents ranging
from about 30% fo 400%. Specific con-
ductivity changes with water content
in almost the same manner as thatof a
natural polymer hydrogel. Thissimple
method is expected to provide the
basis for on-line evaluation of the de-
gree of beating as well as studies of
fiber-water interactions.

Experimental

Commercially available bleached soft-
wood kraft pulp was classified, and the
fines fraction was removed. One part
of the pulp wag beaten in a PFI mill
under standard conditions. Thick wet
webs with a basis weight of 240 g/m?
were prepared using a standard hand-
sheet mold (6). The water content of
the wet pulp web was reduced suc-
cessively by wet pressing. After wet
pressing, the wet pulp web (inserted
between wet filter papers) was placed
in a polyethylene bag for about 1 h to
minimize variations in the water con-
tent within the web. A portion of the
pulp was beaten in benzene instead of
water, then washed with ethanol and
water, and finally molded into a wet

pulp web. Tap water was used through-
out these experiments.

The electrical conductivity of each
wet pulp web was measured using an
electrical conduetivity meter attached
toaShimadzuZP-10B streaming poten-
tial analyzer with a frequency of 60 Hz

- and a potential of 6 V at 20°C. Mea-
_surements were made in the z.y-direc-

tion of the-web instead of the z-direc-
tion, since web thickness during sam-
ple drying deereased 36 much that the
conditions of contact between the web
and the electrodes could not be kept
constant. Specially made clip-type
electrodes were used for tests on wet
pulp webs; ordinary electrodes were
used for tests on pulp suspensions. The
validity of Ohm’s law was verified by
measuring the conduectivity of wet
filter papers of various sizes.
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