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MICROMECHANICS OF FIBER NETWORKS

STATUS REPORT
FOR

PROJECT F023

Martin Ostoja-Starzewski
Hiroki Nanko
Marco B. Quadrelli
D. Stahl

Institute of Paper Science and Technology
500 10" Street, N. W.
Atlanta, Georgia 30318
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Fig. 5(a) The network of Fig. 4(a), with fiber bending present, subjected to axial strain ¢, = 8%,;

(b) The network of 4(a), with fiber bending absent, subjected to the same strain.
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FUNDAMENTALS OF REFINING AND FIBER PROPERTIES
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PROJECT F024
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Institute of Paper Science and Technology
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INSTITUTE OF PAPER SCIENCE AND TECHNOLOGY
ATLANTA, GEORGIA

PROJECT F024

FUNDAMENTALS OF REFINING
AND FIBER PROPERTIES

John F. Waterhouse
Hiroki Nanko
Miranda Bliss

March 24, 1998

PROJECT OBJECTIVE:

To better understand and characterize changes in fiber
structure produced by refining, especially as they relate to

paper-machine runnability and paper properties.

IPST Confidential Information - Not for Publlic Disdsoure (For IPST Merrber Company’s Intemal Use Only)

115



116

SUMMARY OF RESULTS
(March 97 - March 98)

* Measurement of total surface area of refined never-
dried fines-free pulps and fines.

« Joint project with CBSD to examine refining behavior
of different yield pulps and bleaching sequences -
Initial characterization and refining of pulps is in
progress.

« Water retention value (WRV) as a function of pulp
mass has been investigated.

* Development of Pd and Fe staining techniques for
measurement of internal changes, external changes,
and secondary fines indices.

IPST Confidential Information - Not for Publlic Disclsoure (For IPST Member Company's Internal Use Only)

SUMMARY OF RESULTS
(March 97- March 98)

« Examination of cross sections of Fe colloid-stained
PFIl refined fibers using the transmission electron
microscope.

+ Some exploratory experiments to produce specific
changes in fiber structure.

« A proposal,“Improving the Effectiveness and
Efficiency of Refining,” was submitted to the
American Forest & Paper Association Improved
Capital Effectiveness Area of Agenda 20/20 - Raw
M aterials-Improved Processing and Yield.

IPST Confidential Information - Not for Publlic Disclsoure (For IPST Member Company’s Internal Use Only)



TASKS

« Select & characterize pulp types to be used

* Develop methods to produce specific
refining actions

- Measure wet & dry state properties as they
might relate to machine runnability & paper
performance

IPST Confidential Information - Not for Publlic Disclosure (For IPST Member Company's Internal Use Only)

TASK 1 - Select & characterize pulp types to be used

Cooperative Project between Chemical &
Biological Sciences Division
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REFINING AND CHANGES IN FIBER
STRUCTURE

Refiner Control = Specific Energy E and C Factor

Intensity of Impacts = P/C
Number of Impacts = C/M

Pulping/Bleaching Internal Changes
Species External Changes
Kappa No Fines Index
Viscosity Curl

Consistency Fiber Length

IPST Confidential Information - Not for Publlic Discisoure (For IPST Member Company's internal Use Only)

CHANGES IN FIBER STRUCTURE
WITH C-FACTOR

Fiber Length

CHANGES IN
FIBER
STRUCTURE

Fines
Production

Disk Refiner
> <> PF| Mill

A

C-FACTOR —>
<— SE.L.
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FIBRILLATION INDEX WITH PFI REVS

VARIATION OF INTERNAL

INTERNAL FIB. INDE
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VARIATION OF FINES INDEX
WITH PFI REVS
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EFFECTS OF REFINING
ON THE STRUCTURE OF
THE CELL WALL

T.E.M. STUDIES
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Effects of Refining on Fiber
Wall Structure

S ———

INTERNAL
FIBRILLATION

EXTERNAL
FIBRILLATION

FIBER
HORTENING
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Discovery of Delamination
(TEM / Ultra-thin sectioning)

(Mcintosh, 1967)

(Page and De Grace, 1967)

Simultaneous Observation of External and Internal
Changes by TEM / Ultra-thin sectioning
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é% Pore Formation by Refining

[Location of Pores]

1,000A - 10,000A: cracks
Cracks 10A - 500A: where?

7"\
l’ \

Pores

Frequency
distribution
of pore sizes

1
o 3.0 -
® 3 ’
EE /
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o N : .—./
. °
g c o A—A ==
8 /«‘
— /Y
o2 10 Unbeaten
02 2
c
52
o5 oLe® L 1
> 5 50 500 5000
Pore size, A’ [Page, 1989]

&i Iron Colloid Staining Method

e Iron colloid is formed by adding FeCl3 solution to
boiling water.

e Iron colloid has positive charge.

@ Iron colloid is used to detect
negative sites by TEM.

e Iron colloid particles are 3 to 10A !
in diameter.



































































