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ABSTRACT

A new method for measuring fiber length and fiber coarseness was developed using image analysis

technique. Measured fibers were transferred to a glass slide on a filter paper placed on a wire of the
laboratory paper machine. After staining the fibers on the slide, mean fiber lengths and coarseness were

measured by a commercial image analysis software, named KS400. The resultant data obtained from

the image analysis displayed a close correlation with those from FS-200 and also showed excellent

reproducibility as well as those from FS-200. The length of synthetic fibers over 10 mm long could be

readily measured by this new analysis technique. Finally, a substantial improvement in precision for

measuring fiber length and coarseness was made with less operator’ s effort for a given time.
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Fig. 2. Procedure for fiber staining and image capture.
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C= Coarseness(mg/m)

n = Total number of pulp fibers on a slide

W= Oven—dried Weight of pulp fibers on
a slide(mg)

L= Length—weighted mean fiber length
(mm),
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(a) Original Image
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(b) Contrast-enhanced image

Fig. 4. Original image captured by the scanner and its contrast-enhanced image.
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Table 1. Data comparison between image analysis and FS-200 applied for fiber quality analysis of softwood
bleached kraft pulp fibers

Freeness Arithmetic Length-weighted Weight-weighted Fines Coarseness
(ml CSF) (mm) (mm) (mm) (%, = 0.2mm) (mg/m)
740 1.07 1.98 2.7 23.74 0.126
Image
. 560 0.62 1.1 1.65 28.06 0.156
Analysis 370 0.53 1.08 1.56 37.25 0.160
740 1.1 2.06 2.61 22.58 0.192
FS-200 560 0.66 1.32 1.83 28.79 0.208
370 0.47 0.92 1.34 32.85 0.192
Correlation 0.98 0.89 0.90 0.90 0.16
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Table 2. Data comparison between image analysis and FS-200 applied for fiber quality analysis of hardwood
bleached kraft pulp fibers

Freeness Arithmetic Length-weighted Weight-weighted Fines Coarseness
(ml CSF) (mm) (mm) (mm) (%, =0.2mm) (mg/m)
650 0.59 0.81 1.08 10.56 0.100
Image
Analysi 560 0.48 0.75 1.09 25.02 0.099
yas 370 0.42 0.63 0.86 30.63 0.160
650 0.59 0.75 0.86 13.82 0.062
FS-200 560 0.47 0.68 0.82 23.64 0.095
370 0.41 0.61 0.77 37.97 0.118
Correlation
.96 77 . .
Coeft.(=R?) 1 0.9 0.7 0.88 0.64
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Fig. 7. Binary image of synthetic fibers with
Fig. 6. Synthetic fibers with around 10mm long,. known length.
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Fig. 8. Reproducibility comparison by measuring methods of fiber length.

Fig. 69 ()04 i #het Zo] 5x5em 2719 £ BEIM|T, Fig, 89 (he SEAMOER 5 W
W AR ol AA] BE Heot $A1H Blow)e 2 sfelm W4 HE 480 49A HELS
Zo ¥ol ¥ A4 244 ASWY TRIWS o] HWolFEw gk
g3to] ST WO FHHGE LolS 2kl 59 Agol tole] v 2R 404 BE ML
o EZAE H4EY ARY BE TS Fig T3 Folol 7 2% wiio] 2t A@AMe] LS ojxat
3, ol 8ol WE H44L 9.8mme ekt 4 ol FS-2003 A o] oaf 24E 2
Fig. 7014 M ulob o] 4aae AAHeR  BA BT oo SARE Fejo BES yehoc, 2
9~10.5mm W9 ol ERSAD, dhuol 4 B SRl ofste] S48 494 LE o]
5

7F 9.5~10mm H| WollA &40t 477t & FS-2000] ¥|3o] tha 2412% FElE vehfue

A% AS o of 10mm7t HES AAW Y Ukl ol 2R 4§ 759 Hojo] ujE Ao
ARE A=2e w0t A5 aegity sFEAY Z 95 4 Stk FS-2002 oF 1xX107'g Hro] 7
g golo] 24 B HRYS ARvh 2 Bl E 4Rl e 49%e 45 20,0007 o4l
Zolok Ao Ak S4E 2oR 24T 4 A4 RS SR SMHEARS 2 4§ Lol
ot ol= MRl o3t HaAt 24 ol Al o tstel 500~1,0007 Hwe} dH3E SH%
@ ke AR ZYYOR o)gE 4 U HolF
© 83 A% T £ Ao #ut oyt W He — L S
U S ol Aed AEER AN RE 24T "
T Y= FAL AlZYS 2 AAR10mm o[l e
deiM e sHFEde s 4a3T 228 dA 33 £
4 Q] WY FS-2007 vlwEA gHem o 810
£ fEs e AT st e

(o)

<5

3
3.5 ARz EMYH MM AS t

0

[SR=1% T o™
A4S B 24319 Fig, 89 (a)= FS-2009] Fig. 9. Fiber length distribution measured by the
o3 T =AY e Mg Bx 8.0 AR image analysis technique.



weba] s Alel ol 248 A Ak FS-
2000] ul}o] B A7] wEe] BT Fehel e

A B TS Hel Ao AbRgch 2y AR
Z2)7]9) ojakz] Al FAE M8 YEYA tiste]
o 632 A% /\EM‘: S 4 Q7] Wil ol
Seto|mofjA &4 o|& 3jite} FAof et
UH Fig. 92+ 2 o] FAE €2

=lE ve T
o]
Ak,

= o
=

m\l

SKel
T]‘

Feg

l

r—lo

oX X ofN do

o

o

Al

do
s

[}

o}

2o o
RO SR Ry

Ao
o

Alifﬁl EHOM
Zade Fs—2000ﬂ =
OME} FS—-2000] &

o Rk

ox M
flo K1
£ ol
£§”
22 A g
ri—L‘le
i

Sl
ol

olE 7
=

2
o

E > dr 40 2 h Qg
=
2
ol

H [US. l’-{m

“}Eﬂl

s
)
st

ro
olo

MO

. Paavilainen, L., “Importance of particle size - fiber
length and fines - for the characterization of soft-
wood kraft pulp”, Paperi Ja Puu 72(5): 516-
526(1990).

. Kerekes, R. J., and Carolyn, J. S., “Effects of fiber
length and coarseness on pulp flocculation”, Tappi
78(2): 133-139(1995).

. Seth, R. S., and Page, D. H., “Fiber properties and
tearing strength”, Tappi 71(2): 103(1988).

. Page, D. H., and Seth, R. S, The elastic modulus of
paper, 1. The importance of fibre modulus, bonding,
and fibre length, Tappi 63(6): 113-116(1980).

.Dodson, C. T. J., “The effect of fiber length distrib-

21

ution on formation” , JPPS 23(7): J74-J76(1992).

6.

10.

12.

13.

16.

17.

18.

Deng, M., and Dodson, C. T. J., “Paper - an
Engineered Stochastic Structure”, TAPPI PRESS,
Atlanta: 1-52(1994).

. Page, D. H., “A Theory for the Tensile Strength of

Paper”, Tappi 52(4): 674-681(1969).

. Paavilainen, L., Importance of cross-dimensional

fiber properties and coarseness for the characteri-
zation of softwood sulphate pulp, Paperi Ja Puu
75(5) : 343-345(1993).

. Tappi Test Methods, T233 ¢m-95, Fiber length of

pulp by classification.
Clay, G. A., “Automatic fiber length measurement

by image analysis”, UMIST Ph.D. thesis(1988).

. Tappi Test Methods, T232 cm-85, Fiber length of

pulp by projection.

Tappi Test Methods, T271 om-97, Fiber length of
pulp and paper by automated optical analyser.
Bichard, W., and Scudamore, P., “An evaluation of
the comparative performance of the Kajaani FS-
100 and FS-200 fiber length analysers”,
65(12): 149-154(1988).

Tappi

. Robertson, G., Olson J., Allen P., Chan, B. and

Seth, R., “Measurement of fiber length, coarsenss,
and shape with fiber quality analyser”, Tappi

82(10):93-98 (1999).

. Carvalho, M. G., and Marins, P. J., “A comparative

study of two-automated techniques for measuring
fiber length”, Tappi 80(2): 137-142(1997).
Tiikkaja, E., and Sopenlehto, T., “Next generation
The 26th Int. Seminar
on Pulping and Papermaking Technology of
KTAPPI, 2-3 June : 11-15(2000).

Jordan, B. D., Nguyen, N. G., and Page, D. H,,
“An image analysis procedure for pulp coarseness
Paperi ja Puu 62(11): 691-

fiber legnth measurement”,

determinations”,
701(1982).
Clarke, B., Ebelling, K. 1., and Kropholler, H. W,
“Fiber coarseness: a new method for its characteri-
zation”, Paperi ja Puu 67(9): 490-499(1985).

.Kim, C-H., Park, J-Y., and Bae, J-H., “Measure-

ment of fiber length and coarseness by image
analysis technique”, KTAPPI Paper Technology
Seminar, Nov. 1: 87-96(2000).



