Pulp Testing

Explaining handsheet tensile and tear
in terms of fiber-quality numbers

Wavell F. Cowan

ABSTRACT: Mills conventionally evaluate pulp response to
refining by measuring changes in handsheet tensile and tear
strength. This traditional approach remains an art form, subject
to misinterpretation. An alternative method is available. Pulp
quality can be reliably evaluated by directly measuring relevant
fiber properties (fiber strength, fiber length, and fiber bonding).
This article shows that direct measurement of fiber properties
offers useful insights into the response of handsheet tensile and
tear to changes in laboratory refining. The results suggest that
the alternative method provides fundamental information

about pulp quality.
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|\ /I ills typically evaluate pulp
quality by forming handsheets

and testing their physical proper-
ties (e.g., tensile strength, tear in-
dex). The observed changes in
physical properties after various de-
grees of beating in a PFI mill are
used to interpret the character of
the fibers.

Fiber properties can be measured
“directly using an alternative
method—Pulmac fiber-quality test-
ing. Direct measurement of fiber
properties provides information that
helps explain the response of
handsheet tensile and tear to vari-
ous levels of refining. The explana-
tory power of this approach provides

evidence that the fiber-quality test-
ing is a reliable method of evaluat-
ing pulp quality.

Fiber response to treatment
in a PFI mill

A cooperating industrial lab provided
handsheets for three different pulps
that had been conventionally tested
for tensile strength and tear index
after various degrees of beatingina
PFI mill. These handsheets were
further tested at Pulmac for their
fiber-quality numbers using the
Pulmac Fiber Quality Tester (1, 2).
The basic data provided by the co-
operating lab and the fiber-quality
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numbers determined in our lab are
presented in Table I. The conven-
tional handsheet freeness, tensile,
and tear data are plotted against
revolutions in a PFI mill in Fig. 1.
The Pulmac fiber-quality numbers—
F'S (fiber strength), L-(fiber length),
and B (fiber bonding)—are compa-
rably presented in Fig. 2.

The curves in Fig. 1 are charac-
teristic profiles illustrating how
handsheet tear, tensile, and freeness
respond to laboratory beating. Our
work indicates that the curves in Fig.
2 are equally characteristic of the
manner in which the FS, L, and B
numbers of chemical pulps respond
tolaboratory beating. The FSand L
numbers rise quickly to a stable pla-
teau level, while the B numbers in-
crease continuously and linearly with
beating.

The L number is sensitive to
changes in both geometric length
and curl (kinkiness). The 5~-15% in-
crease in L number illustrated in
Fig.2isinterpreted as a measure of
the extent to which fiber swelling in
the early stages of beating causes
the fibers, which are typically quite
kinked and curled in the unbeaten
state, to straighten out. This phe-
nomenon has been well described by
Pageetal. (3).

The 15-20% increase in the F'S
number indicates an improvement
in the load-bearing capability of the
fibers in response to the beating ac-
tion. In effect, the fibers are getting
stronger. This is interpreted to be a
consequence of structural changes
in the cell wall induced by fiber swell-
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Pulp Testing

I. Properties of three softwood pulps at five levels of refining

PFI-mill treatment

Zero 500 1500 3000 8000
ftem beating revs revs revs revs
Pulp A (northern species)

Freeness, mL CSF 707 677 635 562 334
Coarseness (Kajaani), pg/m 17.9
Tensile strength, km 2.9 5.5 7.7 9.7 11.5
Tear index, mN-m?/g 15.5 17.4 15.2 11.8 9.3
FS number, N/cm 82.8 88.9 95.6 98.9 99.1
L number 0.61 0.69 0.72 0.73 0.73
B number 1.33 1.44 1.48 1.50 1.60
Pulp B (northern species)
Freeness, mL CSF 672 646 590 467 190
Coarseness (Kajaani), pg/m 18.8
Tensile strength, km 3.3 5.6 7.6 9.1 10.8
Tear index, mN-m2/g 15.1 15.0 13.3 1.7 9.9
FS number, N/cm 735 80.6 84.2 84.9 83.9
L number 0.63 0.67 0.71 0.71 0.74
B number 1.47 1.56 1.56 1.71 1.73
Pulp C (southern species)
Freeness, mL CSF 732 709 667 595 304
Coarseness (Kajaani), ug/m 28.2
Tensile strength, km 1.9 3.5 5.0 6.3 8.1
Tear index, mN-m?/g 11.7 17.7 17.6 15.2 12.1
FS number, N/cm 58.8 61.2 65.7 68.6 68.4
L number 0.63 0.64 0.66 0.66 0.66
B number 1.55 1.74 1.77 1.84 2.03

ing. Dislocations and constrictions,
which in the unbeaten state act to
create load concentrations, are
smoothed out by the swelling action
induced by beating. This improves
the uniformity of load transfer, which
in turn increases the load that can be
transferred prior to failure. The in-
crease in the FS number is testi-
mony of these important events.
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Explaining tensile strength
of handsheets

Examination of Figs. 1 and 2 reveals
that the shape of the tensile curve
has a great deal more in common
with the shape of the F'S and L curves
than with the curves for B number.
The similarity between the L and

tensile curves lends support to Page’s
assertion (3) that “more than half
the strength improvement upon beat-
ing comes from the straightening out,
during beating, of the fibers that have
been curled and kinked during
pulping and bleaching.” The concomi-
tant increase in the FS number,
which Page did not measure, might



1. Tear index, tensile strength, and pulp freeness as functions of
laboratory refining for handsheets produced from three softwood

2. FS, L, and B numbers as functions of laboratory refining for
handsheets produced from three softwood pulps
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well play as important a role as that
which he attributes to decurling.

Theoretical considerations

The tensile failure load at any given
level of beating depends on three fac-
tors.

1.

2.

The average load-bearing capa-
bility of individual fibers, i.e., av-
erage fiber strength, S.

The number of fibers, N, avail-
able for load transfer at any given
cross-section. For a standard 60-
g/m? test strip, this is inversely
dependent on fiber coarseness,

WPL, which represents weight
per unit length.

3. The uniformity of load transfer
allowed by the network structure.

The issue of load transfer merits
further discussion. The available fi-
bers at any cross-section can trans-
fer a maximum load only if the load
entering the cross-section is uni-
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