PEER REVIEWED

Measurement of fiber length,
coarseness, and shape with the
fiber quality analyzer

GORDON ROBERTSON, JAMES OLSON, PHILIP ALLEN, BEN CHAN,

AND RAIJINDER SETH

HE FIBER QUALITY ANALYZER
(FQA) is a new commercial
apparatus that was adapted
from a prototype imaging

fiber analyzer (IFA). The prototype

IFA was capable of rapidly and si-

multaneously measuring fiber curl,

kink, and length distributions of pa-
permaking fibers. Details of the pro-
totype IFA—developed by Paprican
and the University of British Colum-
bia—have been reported previously

(1, 2). This report evaluates the ac-

curacy and the precision of the com-

mercial FQA, which was adapted
from the prototype IFA by OpTest

Equipment.

The FQA, like the IFA, comprises
hydraulic, optical,and image-process-
ing systems (1, 2). A dilute suspen-
sion of pulp fibers is transported
past the optical and imaging systems
by a sheath flow cell that orients
fibers hydrodynamically into a thin,
nearly two-dimensional (2-D) plane.
The sheath flow cell consists of a
central fiber-bearing flow that passes
through a tapered injector into a
flow bounded by two convergent
sheath flows. In the tapered region
of the cell, preceding the imaging re-
gion, fibers are gradually oriented
and positioned by the flow fields im-
posed by the cell taper. The image
detection system consists of a 2-D
256 x 256 pixel CCD (charge-cou-
pled device) camera. Its resolution
and magnification correspond to a
pixel size of about 35 pum at the fiber.

This report provides our valida-
tion of measurements of fiber
length, coarseness, and curl with the

FQA. The importance of these fiber
characteristics on papermaking and
product properties has been dis-
cussed previously (3, 4).

MEASUREMENT OF FIBER LENGTH
The fiber length of papermaking
pulps is generally expressed as an
arithmetic mean, a length-weighted
mean, or a weight-weighted mean, as
defined by Egs. 1-3, respectively (5):
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Fibers are grouped into various
length classes, and n. is the number
of fibers in the length class (..

We measured fiber length with
the FQA and compared the results
with those obtained using a Kajaani
FS-200 fiber-length analyzer. This is
consistent with the approach used
in our earlier validation of the IFA
(1). Both the FQA and the Kajaani
FS-200 analyzer were calibrated and
used according to the manufactur-
ers’ specifications (6,7).

Several pulps were used in the
validation study, including commer-
cial and laboratory pulps, dried and
never dried, chemical and mechani-
cal, hardwoods and softwoods, and
rayon fibers. Pulps were fractionated
into different length fractions with a
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analyzer (FQA). The results were com-
pared-with-measurements-obtained
using other available methods. Fiber
length-measurements obtained with
the FQA were similar to those re-
ported by the Kajaani FS-200 fiber-
length analyzer. Coarseness measure-
ments obtained with the FQA were
similar to results from both the FS-
100 and the manual TAPPI method
(TAPPIT 234 cm-84). Fiber curl index
as measured by the FQA was approxi-
mately 20% lower than manual mea-
surements obtained using image
analysis. Repeatability and interlabo-
ratory reproducibility data are re-
ported for 3 samples at 11 laborato-
ries. The FQA flow cell operated
without plugging problems, suggesting
that it is suitable for on-line measure-
ments.

Application:

Evaluates the precision and accuracy
of measurements of fiber length,
coarseness, and curl as reported by
the recently developed fiber quality
analyzer.

Bauer—McNett fiber classifier (8),
and these fines- and debris-free frac-
tions were used for the comparison.
Some whole pulps were also used.

Figure 1 shows the arithmetic
mean fiber length, ( , of various
Bauer—McNett fractions as measured
with the FQA and the FS-200. The
length-weighted and the weight-
weighted means, (| and ( , for the
same fractions are compared in Figs.
2 and 3, respectively. Clearly, the
FQA-measured fiber lengths agreed
closely with those obtained with the
FS-200.
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1. Arithmetic mean fiber length as measured by FQA and FS-200
for various pulp fractions and debris-free whole pulps (37 sam-
ples). Error bars in this and subsequent figures depict 95% confi-
dence limits on the mean. Note that error bars may be smaller
than the symbols

2. Length-weighted mean fiber length as measured by FQA and
FS-200 for various pulp fractions and debris-free whole pulps (37
samples)
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4. Arithmetic mean fiber length as measured by FQA and FS-200
for whole pulps (10 samples)

3.Weight-weighted mean fiber length as measured by FQA and
FS-200 for various pulp fractions and debris-free whole pulps (37
samples)

The arithmetic mean lengths
measured with the FQA and FS-200
for some whole pulps are shown in
Fig. 4. The results here are somewhat
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more scattered. Since the two instru-
ments have different abilities to sam-
ple and detect fines—and because
the arithmetic means are sensitive to

the number of fines—the results dif-
fered. However, Fig. 5 shows close
agreement for the length-weighted
means, since these means are less
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5. Length-weighted mean fiber length as measured by FQA and

FS-200 for whole pulps (10 samples)

sensitive to the presence of fines in
the fiber populations.

MEASUREMENT OF FIBER
COARSENESS

Pulp coarseness is defined as a mass
of fibers per unit length. Accurate
determination of fiber coarseness in
pulps has always been a challenge
(5). One of the methods now com-
monly used relies on the measure-
ment of the total length of a known
mass of pulp fibers with an optical
fiber-length analyzer. Coarseness is
obtained by dividing the pulp mass
by the total measured length of the
fibers. In practice, coarseness C is
obtained from Eq. 4.

o

where

m = very small ovendry mass of fibers

supplied to the analyzer

(= arithmetic mean length of the
fibers
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6. Coarseness as measured by FQA and TAPPI T 234 cm-84 for

various pulp fractions and debris-free whole pulps (12 samples)

how well the three factors in the
equation are measured or estimated.
If the optical fiber-length analyzer
provides accurate ( and n, then the
accuracy of the measured coarseness
depends on the accuracy of m. A
method to deliver an accurately
known small fiber mass m to an ana-
lyzer, based on an indirect weight de-
termination, has been discussed (9).
However, we used a direct-weight di-
lution method. In this method, a rep-
resentative pulp sample is air-dried
under standard conditions in a room
with constant temperature and hu-
midity, and a small mass m is directly
weighed to an accuracy of 0.01 mg
using an analytical balance. This
mass is subsequently soaked, dis-
persed, and diluted, and the weighed
aliquots deliver the appropriate fiber
concentration to the fiber analyzers.

The other method of coarseness
measurement is based on the princi-
ple of the statistical geometry of a
fiber network (5). According to this

n = total number of fibers in the massapproach, coarseness C is related to

m.

The length { and the number n are
provided by the analyzer.

The accuracy of coarseness de-
termined from Eq. 4 depends on

the number N of fibers intersecting

length L of a scan line in a random

network of low grammage W by Eq.5.
2WL

CEIN ®

The mass of fibers deposited per
unit area in the network has to be
known accurately, and a large num-
ber of fiber crossings along the scan
lines has to be counted to obtain
fiber coarseness with sufficient ac-
curacy. The TAPPI test method for
measuring fiber coarseness (10) is
based on this principle.

We have compared fiber coarse-
ness as measured with the FQA
against coarsenesses obtained from
the optical fiber analyzers (Kajaani
FS-100 and FS-200) and the TAPPI
method. The optical analyzers were
operated according to the manufac-
turer’s specifications (6, 7, 11). An
important requisite in coarseness
measurement is that the pulp sample
must be debris free (5, 9, 10). There-
fore, the comparisons were made
using Bauer—McNett fractions of var-
ious pulps or on whole pulps from
which the debris had been removed.
A variety of chemical and mechani-
cal pulps were employed.

The results in Figs. 6-8 show the
FQA coarseness measurements vs.
those obtained with the TAPPI
method, the FS-100, and the FS-200,
respectively. While the FQA vs. TAPPI
and the FQA vs. FS-100 results
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7. Coarseness as measured by FQA and FS-100 for various pulp
fractions and debris-free whole pulps (27 samples)

agreed closely, the FQA vs. FS-200 did
not. For the typical coarseness range
(0-0.3 mg/m), the FS-200 was ap-
proximately 30% higher than the
FQA, while for high-coarseness pulps
(>0.3 mg/m), the FS-200 was on av-
erage 65% higher than the FQA.

MEASUREMENT OF FIBER CURL

AND KINK
Fiber curl describes the deviation
from straightness of the fiber axis.
Fibers in wood are straight. They be-
come curly during pulping, mixing,
and refining through exposure to
bending and axial compressive
stresses, particularly at medium and
high consistencies. The curl is set-in
during drying. Fiber curl index is il-
lustrated in Fig. 9 and defined by Eq.
6 (4).

Cl=—-1 (6)

where

Cl = curl index
(= fiber contour length
L =longest dimension

Thus curl index is the relative in-
crease in the length of a fiber when
it is straightened but not stretched.

OG0 TAPPI JOURNAL OCTOBER 1999

For very conformable fibers, the wet-
web stretch at low solids is propor-
tional to the curl index (4).

The mechanisms of curl induc-
tion, removal, and retention in pulp
fibers have been discussed (4). In
mechanical pulps, curl is manifest as
stress or deformation in the lignocel-
lulosic matrix of the fiber wall.
Fibers straighten as the stress is re-
laxed. This occurs during latency re-
moval, when fibers are stirred at low
consistencies and at elevated tem-
peratures. In chemical pulps, on the
other hand, curl results from defor-
mation in the amorphous, viscoelas-
tic regions of the cellulosic fibrils.

Fiber curl can change with me-
chanical treatment. We have shown
that curl index can decrease quickly
during the first few minutes of me-
chanical disintegration, e.g., in a
British standard disintegrator. There-
fore, when comparing curl in differ-
ent samples, similar gentle disintegra-
tion procedures should be employed.

We measured the curl index of
fibers using the FQA and compared
the results with curl index as mea-
sured “manually” by image analysis.
The “manual” curl index was ob-
tained using conventional image
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8. Coarseness as measured by FQA and FS-200 for various pulp
fractions and debris-free whole pulps (36 samples)

analysis (4) on suspensions placed in
a flat glass dish. This is consistent
with the approach used in our ear-
lier validation of the IFA (1). We mea-
sured curl on a variety of chemical
pulps having a range of fiber curl.
These included laboratory-made and
commercial, dried and never-dried
pulps, some beaten or refined and
curlated. Most of the never-dried
pulps were taken from different
bleaching stages in various mills, and
the once-dried samples were com-
mercial dry laps. Each pulp was gen-
tly dispersed in water, and similar
samples of this dilute suspension
were used for the manual and FQA
measurements.

For fibers of similar curvature,
shorter fibers have a lower curl
index, i.e., shorter fibers are
straighter. Because manual image
analysis may not reliably count all of
the short fibers, the manual and FQA
measurements for each sample were
compared for fiber populations of
similar length distributions obtained
from the same parent sample. This
was achieved by comparing the
mean curl index of fibers longer than
1.0 mm or 1.5 mm, depending on
the sample.
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9. Definition of fiber curl index

Figure 10 shows a comparison of the FQA-measured
curl index against the manually measured curl index. The
FQA curl, on average, was approximately 20% lower than
the manually measured curl. The reasons for this are not
entirely clear, despite careful efforts to compare the two
methods.

We did not attempt to compare FQA-measured kink
index because manual measurements were not available.

PRECISION STATISTICS

Table | shows the precision statistics for the fiber quality
analyzers. The data are based on three pulp samples
tested by 11 different laboratories. The tests were carried
out according to TAPPI T 1200 sp-91, “Interlaboratory
evaluation of test methods to determine TAPPI repeata-
bility and reproducibility” The whole pulps were com-
mercial, dried, bleached kraft produced from softwood
or hardwood. The R-14 Bauer-McNett fraction of the
softwood pulp was also tested. The samples were pro-
vided as slurries of known fiber con-
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10. Curl index as measured by FQA and manually (image analy-
sis) for various pulp fractions and debris-free whole pulps (54
samples)

CONCLUSIONS
We measured fiber length, coarseness, and fiber curl for
a variety of papermaking pulps using a new commercial
apparatus, the fiber quality analyzer (FQA). The results
were compared with measurements obtained using
other available methods. We found that:

1. The FQA fiber length measurement is similar to fiber
length as measured by the FS-200 fiber-length ana-
lyzer.

2. The FQA coarseness measurement is similar to
coarsenesses obtained using the FS-100 or TAPPI T

centrations. Similar testing proce-
dures were followed by each
laboratory. Ten measurements were
made for each test. The results were
adjusted according to TAPPI T 1205
sp-92, “Dealing with suspect (outly-
ing) test determinations.” The preci-
sion statistics were obtained follow-
ing TAPPI T 1206 sp-91 “Precision
statement for test methods” The re-
peatabilities and reproducibilities in-
dicate the limits within which agree-
ment can be expected 95% of the
time between two test results ob-
tained on similar samples tested
under similar conditions.

Grand mean, mm

Repeatability,” %

Reproducibility,® %
Coarseness

Repeatability,” %

Reproducibility,® %
Curl index

Grand mean

Repeatability,® %

Reproducibility,® %

Length-weighted fiber length

Grand mean, mg/m

HARDWOOD SOFTWOOD
Whole pulp Whole pulp R-14 fraction?

0.65 222 3.09

41 2.7 22

8.7 79 8.3

0.085 0.140 0.146

12.0 11.0 6.6

29 14 23

0.070 0.125 0.137

6.1 6.7 6.1

19 21 17

2 Fiber fraction obtained by retention on a 14-mesh screen in a Bauer-McNett fiber-length classifier.
Limits within which agreement can be expected 95% of the time between two test results obtained on
similar samples tested under similar conditions. Repeatability refers to replicate measurements within a

single laboratory; reproducibility refers to test results obtained from different laboratories.

I Precision statistics for fiber quality analyzers
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234 cm-84. However, the FS-200
provided coarseness measure-
ments that were approximately
30% higher than the other meth-
ods.

3. The FQA curl index measure-
ment was approximately 20%
lower than manual measure-
ments obtained using image
analysis.

4. The FQA was free from plugging
for all samples tested, indicating
that it should be suitable for on-
line measurements. TJ
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