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1. Reciprocal of tensile strength vs. reciprocal
of 8/%ths of the zero-span strength for hand-
sheets of unbleached softwood kraft pulp

2. Finite-span tenstle strength vs. zero-span
tensile strength

Fibers fail during the tensile failure
of paper. Van den Akker et al (1)
showed that for a softwood kraft pulp
the number of fibers that failed
increased as the degree of bonding in
the sheet increased. For well-bonded
sheets, as many as 70-80% of fibers
crossing the rupture line failed.
Helle’s work (2) confirmed and com-
plemented these findings for both
sulfite and kraft pulps. That fiber
strength becomes more important as
bonding increases is implicit in the
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Page equation of tensile strength (3}

VT=9/(872)+ (124p/b P L. RBA) (1)

where

T = the finite-span tensile strength of
paper, Nm/g

z = the zero-span tensile strength, a
measure of fiber strength, Nm/
g

A = the average cross-sectional area
of the fibers’ solid fraction, m?

P = the average external perimeter
of the fiber, m

L = the average fiber length, m

p = the density of cellulose, g/m?

RBA = the relative bonded area in the

sheet
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b = the shear strength of the fiber-

fiber bond, N/m2

Unfortunately, the equation is dif-
ficult to test completely, because it Is
not easy to measure all the variables.
In particular, there is no obvious
means of measuring the bond
strength b. However, tests have pre-
viously been made by modifying
parameters one at a time and observ-
ing the functional relationship be-
tween the tensile strength of paper
and the parameter. The linearity of 1/
T vs. 1/L has been tested (2) using the
data of Clark {4), Arlov (5}, and
Watson and Dadsweli (6). The linear-
ity of 1/T vs. 1/RBA has been tested
(2) using the data of Ingmanson and
Thode (7}, and this relationship has
been confirmed independently by

Jones (8).

Here, a further check of the equa-
tion is made by varving the fiber
strength in a way that maintains the
other parameters constant. '

Experimental procedure

Sheets prepared from a variety of
pulps were exposed to the vapor of 10
N hydrochloric acid in a desiceator for
various times, ranging from a few
minutes to a few hours as previously
described (9). After exposure, the
sheets were aerated in a room at
constant humidity for 24 h. Zero-span
and finite-span tensile strengths were
measured.

The treatment had no effect on sheet
density or scattering ecoefficient, the
two principal indices of paper struc-




ture. Because the cellulose fibrils tend
to be hydrolyzed preferentially at
regions of dislocations and microcom-
pressions, the treatment might be
expected to change sheet failure
properties while leaving other me-
chanical properties unchanged. In-
deed, the elastic modulus of the sheet
was unchanged by the treatment. The
bond strength should also be un-
changed, since the adhesive strength
of a low-molecular-weight polymer is
not materially affected by the modest
change in molecular weight that
would be expected from the treat-
ment. Thus, the treatment is expected
to change only Z in Eq. 1, all other
factors being constant.

Discussion

The data may be portrayed as plots
of the reciprocal of the tensile strength
T against the reciprocal of [(8/9) Z].
According to the theory, the data
should fall on straight lines of unit
slope, but with different intercepts
depending on the bonding degree.
Figure 1 shows the data plotted in

this way. The data indeed fall on lines
of unit slope.

An alternative portrayal is given in
Fig. 2. The lines are theoretical,
according to Eq. 1, and the data fit
well,

This-test of the equation is severe,
since there is no room for the intro-
duction of arbitrary parameters. It
must be concluded that the equation
completely represents, within exper-
imental error, the loss in tensile
strength that is caused by a weaken-
ing of the fibers.

Literature cited

1. Van den Akker, J. A., Lathrop, A. L.,
Voelker, M. H., and Dearth, L. R., Tappi
41(8): 416(1958).

. Helle, T., Svensk Papperstid, 66(24):
1015(1963).

. Page, D. H., Tappi 52(4): 674(1969).

. Clark, J. d’A., Tappi 45(8): 628(1962).

. Arlov, A. P., Norsk Skogind. 13(10):
342(1959).

. Watson, A. J. and Dadswell, H. E.,
APPITA 14(5): 168(1961).

. Ingmanson, W. L. and Thode, E. F,,
Tappi 42(1): 83(1959).

. Jones, A. R., Tappi 55(10): 1522(1972).

co -1 =7 (LR ] 3]

9. Seth, R. S. and Page, D. H,, Tappi 71(2):
103(1988).

Received for review March 31, 1988.
Accepted April 4, 1988.

FROM THE
JOINT
TEXTBOOK
GOMMITTEE OF
THE PAPER
INDUSTRY

Volume 3 of Pulp and Paper
Manufacture, Third Edition.
Secondary Fibers and Non-
Wood Pulping

Edited by M.J. Kocurek,
F. Hamilton and B. [.eopold

Volume 3 is an in-depth textbook
on two important topics: Non-Wood
Pulping and Secondary Fibers.

Chapters combine scientific princi-
ples with practical cperations, and
are grouped under the two main
subjects. In Non-Wood Pulping,
there are chapters on the history of
paper and the importance of non-
wood plant fibers, data on and
future of non-wood plant fibers,
and separate chapters on

bagasse, bamboo, cereal straw,
reeds, and a fiber that is currently
of great interest, kenaf. The final
chapters briefly cover papyrus, cot-
ton linters, flax, esparto, jute, sabai
grass, hemp and corn stalks. In
Secondary Fibers, tweive chapters
deal with: secondary fibers and
recycling, sources, contaminants,
consumption and use, economics,
processes and equipment, pulping
systems, ink removal, flotation
deinking, cleaning and screening,
bleaching, and process and
quality control,
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