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PROJECT ADVISORY COMMITTEE
PROJECT REPORT

Project Name Date

PROJECT CRITERIA
Please fill out this form as a representative of your company.

1.  Which primary Research Line does the project address?

2. Is this a new proposed project? O Yes O No

Rate the following three questions using a scale of 1 (lowest) to 5 (highest). Note that the three questions have
different weights.

- 3. Benefit to my company (60% weight)

4. Fit with IPST capabilities (including future) (30% weight)

5. Work not redundant with research elsewhere (10% weight)

PROJECT REVIEW

1. Progress against project objectives.
1 2 3 4 5
poor good excellent

2. Significant findings and achievements.
1 2 3 4 5
poor good excellent

3. Effectiveness of presentation.
1 2 3 4 5

poor good excellent

4. Expected completion (as defined by technology transfer).

O <2 years O 2to 5 years O > 5 years

5. Project Recommendation

O Complete [0 Continue [0 Accelerate [0 Terminate [] Abstain
Comments:

6. Recommendations for related new research

7. Recommendations for improvements in the conduct of current or future projects

Definitions: Complete — This project should be completed at the end of the fiscal year.
Continue — Work should continue on this project as per proposed schedule.
Accelerate — This project’s schedule should be accelerated.
Terminate — This project should be stopped immediately.
Abstain — This project is outside of my expertise and/or the interests of my company.
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TECHNOLOGY TRANSFER

1. What specific technology is ready to be transferred now?

2. What is the best way to transfer that technology?

3.  What are the financial implications (estimated dollar value to my company) attached to the project from a
Member Company's standpoint?










Local Buckling Mechanism
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. Potential for

Change Moisture Dimensional Change
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Compressive Stresses Buckling (cockle)
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Understanding Hygrobuckling

Basic 2.D Self- restrained Cockle: All the
Phenomenon Systems Complexities
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Cockle After Exposure to High
Humidity

e one sheet of each type was exposed to 90%
Rh for 24 hours then placed at 50% Rh

e topography measured before and after
exposure '

e calculated percent change in standard
deviation of the height
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Before and After High RH

Displacement (Mils)
Dlsplacelpent (Mils)
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Effect of High RH Exposure

RESTRAINT showed largest sensitivity

As restraint increased, percent change in
height decreased.

Formation and second press also affected
change in height.

Confidential Information - not for public disclosure
(For IPST Member Company’s Internal Use Only)

Cockle Developed in Initially
Flat Sheet

Confidential Information - not for public disclosure
(For IPST Member Company’s Internal Use Only)

16
























24



T4

(Ajuo asn s Auedwo) Jaqway 1Sdl 104)
2.nso0|osig 21jqnd 104 JON - Uoljew.ou] [eljUBPHUOD

ssi|g epuel|y ‘enelloH Aueg ‘suljjoQ eysiuusy

uyjo9 bnog
19bageH Jonyon

666 | buuds
IVd soisAyd Jaded

d3340 d31vd31300V
40 SOINVHO3IN 3HL



Project Summary

Project Title: Fundamentals of Accelerated Creep

Project Code: CREEP

Project Number: F026

Division: Fiber and Paper Physics

Project Staff: Chuck Habeger, Doug Coffin, Kennisha Collins, Barry
Hojjatie

Project Budget: $125,862

Time Allocation: Habeger 40%, Coffin 5%, Hojjatie 20%, Collins 30%

Supporting Research: Students: Chris Dreher M.S.
Research Line/Roadmap

Convertibility and End-use Performance
Improve the ratio of product performance to cost for pulp and paper products 25% by
developing:

*

— models, algorithms, and functional samples of fibrous structures
and coatings which describe and demonstrate improved
convertibility and end-use performance, and
break-through papermaking and coating processes which can
produce the innovative webs with greater uniformity than that
achieved by current processes.

Project Objective

To employ experiment, theoretical analysis, and mathematical modeling to better
understand accelerated creep and other perplexing mechanical behaviors of paper
Project Background

Accelerated creep is important to the paper industry, and it is a fascinating physical
phenomenon that resists explanation. In order to better avoid degradation of product

performance due to accelerated creep, we aim to contribute to the understanding of the
process.
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Accelerated Creep
isa
Secondary Phenomena.

Any material which hygroexpands
and creeps more under cycling load
than at a constant average load
will experience accelerated creep

if
— A) there are moisture gradients _
"moisture-gradient-driven" accelerated creep

- or

B) there is heterogeneity in moisture sensitivity
"heterogeneity-driven" accelerated creep

IPST Confidential Information - Not For Public Disclosure
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Stress concentrations and
a stress sensitive creep constitutive equation
may explain more than accelerated creep.
— "Physical Aging"?
"Dried-In Stress" Phenomena?

Mechanical Conditioning?

Form of Stress Relaxation Curves?
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Mathematical Model of
Accelerated Creep

Numerically integrate the creep constitutive equation
to assess whether |
moisture-gradient-driven and/or heterogeneity-driven
accelerated creep
are sufficient to explain accelerated creep.
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Physical Aging by Sorption

Vic Padanyi's discovery and
explanation for accelerated creep
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TOTAL DEFORMATION IN CREEP TESTS, %

1.h

-
103 —
102 —
1. TYPICAL FIRST-CREEP CURVE AT 3.5 KG. LOAD
l.l p——a
1.“0 P
009 —
0.8
007 P
0.6 —
0.5 }—
O
O O
0.4 |- 0L =@ C C
O 75 (
O ) @ (
»—- SECOND-CREEP CURVES AT 3.5 KG. LOAD
0.3 - FOLLOWING FIRST TESTS OF THE FOLLOWING DURATION:
CREEP RECOVERY
0.2 |-
2. 200 SEC. 1,640,000 SEC.
3. 2,000 1,455,000
0.1 h, 30,000 1,774,000
’ 5. 587,000 1,251,000 -
0 1 1||l 1 llnl ] llll 1 llll 1 1|ll
10 102 103 10" 10° 108
TIME, SEC.

Second-Creep Curves Following First-Creceo Tests of
Varyins mnvﬂgon}









Paper has seemingly contradictory behaviors:
it creeps;
—yet it maintains residual stresses.

This is possible because the creep constitutive equation
1S very creep sensitive.
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Creep strain/hygroexpansion

Creep strain/hygroexpansion

0.08

0.06

0.04

0.02

0.08

0.06

0.04

0.02

10

7 0.01 0.1

Creep versus time for a sample aged 100 time vo_aoam (solid line) and old sample (dotted line)

10

0.01 01

Creep versus time for a sample aged 1 time period (solid line) and old sample (dotted line)
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Sorption deaging introduces residual stresses,
which increase creep in subsequent load applications.

Mechanical conditioning is partially
the removal of residual stress
by application of a large overall load.
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Elongation/hygroexpansion

Relative Load on Element 1

Mathematical Modeling of a Sorption “Deaging” Experiment

Load application
“old” sample '

¢ A ;_-__________-____; ______

1 T . ‘ 1

~ Aging Time

Deaging Time

0 2 4 6 8 10 12 14 16 18

Elongation versus time for “deaged”-“aged” sample and an “old” sample

w
o

22

Element 1 dries first All-w

N ret, element 1 in tension
J and is in tension ?

0s
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All-dry, element 1 is in compression due to its early tensile creep

_T—k/ Element 1 rewets first and goes into deep compression | “old” sample
0.5 ‘ i :

(

IPST Co fidetrn
Forl

-1
0 2 4 6 8 10 12 14 16

Element 1 load versus time for “deaged”-*“aged” sample and an “old” sample

20

22
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Creep compliance = creep strain/stress

e s
3.6

Age:dpys
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Experimental "De-Aging" of Paper
by Exposure to Low Humidity
from Padanyi, V. 1991 Inter. Paper Phys. Conf.
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Project No. F026 Status Report

4/ 5/ 6 1/ 8 9 10/ 11/ 12/ 1/ 2/ 3/
99 99 99 99 99 99 99 99 99 00 00 00

Nylon 6,6 testing X X X X

complete paper X
creep testing

rebuild for X
compreesion creep

Kevlar publication X
submission

paper publication X
submission

theory work X X X X X X X X X X X X

physical aging X X X
publication
submission

mechanical X X X X X X
conditioning
experiments
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DUES FUNDED PROJECT PROPOSAL

Project Title: LIQUID/SUBSTRATE INTERACTIONS
Project Code:
Project Number:

PAC Paper Physics
Division: Fiber and Paper Physics
Project Staff: Wayne Robbins and 50% Staff Member
FY 98-99 Budget: Exploratory-$ 27,500
(proposed)
FY 99-00 Budget: $ 115,700
(proposed)
Time Allocation: Faculty: 25%  Staff: 50%

RESEARCH LINE/ROADMAP:

11. Improve the ratio of product performance to cost for pulp and paper products 25% by
developing: :
+ models, algorithms, and functional samples of fibrous structures and coatings
which describe and demonstrate improved convertibility and end-use
performance
+ break-through papermaking and coating processes which can produce the
innovative webs with greater uniformity than that achieved by current processes.
e Develop and implement relationships between materials & manufacturing variables
AND paper structure, properties, & uniformity
e Develop and implement relationships between paper structure, properties, &
uniformity AND end use performance and convertibility
e Improved papermaking processes
e Improved converting processes

PROJECT OBJECTIVE:

The objective of this project is to describe the inter-relationship of surface roughness
characteristics, pore size distribution, and the swelling characteristics of cellulose fibers, as they
contribute to influence the interaction of liquids with dry paper and board substrates. The
experimental program will be framed in such a way as to understand how each of these substrate
characteristics influences the liquid/substrate interaction over a wide range of applied volume of
liquid that must be assimilated by a dry substrate within a finite time. A rigorous model of the
relative effects can enable better paper and board manufacturing strategies to control such
attributes as print quality (as liquid ink vehicle is absorbed into the substrate), size press
effectiveness, and coating/base sheet interactions.

PROJECT BACKGROUND:

From a theoretical perspective, as described below in more detail, it may not be possible, or even
desirable, to completely separate the surface roughness characteristics of a paper substrate from
the fiber layers immediately adjacent to the surface, as various liquids are applied to a paper
surface. The basis of this argument is founded in the Lucas-Washburn equations briefly outlined
below. In addition, another phenomenon that the Lucas-Washburn theory does not even take into
consideration is that the chemical properties of the fibers on the surface of a sheet of paper, and
the fiber layers immediately adjacent to the surface. This fiber chemistry becomes increasingly
important as the volume of liquid associated with the treatment applied to the sheet increases, or,
if the expected rate of absorption or evaporation of multiple applications of liquids, increases.

Confidential Information — Not For Public Disclosure
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Examples of these applications include coatings, or successive applications of inks for multicolor
printed images.

With these examples in mind, it is appropriate to outline the theoretical factors generally believed
to control the penetration of liquids into solid substrates, and to discuss the limitations of the
theory. The Lucas-Washburn model is most frequently used to explain liquid/substrate
interactions involving paper and board substrates. While this theory was developed using non-
fibrous and non cellulosic substrates, it is still useful to provide a basis of common language and
thought processes.

In general, liquid penetration into paper and board substrates is believed to occur in several ways:
as liquid penetration in the capillary network in a sheet; by diffusion into the fibers on the surface
of the sheet; as diffusion onto the fibers on the surface of the sheet; and as a vapor phase
transport process.

From the viewpoint of product quality, it is desirable to control the way in which liquid interacts with
paper and board substrates. One common technique the industry employs involves use of a
variety of hydrophobic substances, sizing additives, whose intended purpose is to control diffusion
of liquids into paper and boards. Some sizing applications have been proven useful for their
intended purpose, while others are only hypothesized to control, and are only marginally
successful in affecting the interaction between various liquids and paper and board substrates.
One plausible explanation for periodic unpredictability of some chemical sizing applications is that
the volume of liquid applied to the paper or board that must be assimilated within a finite period of
time may be more dependent upon the physical characteristics of the substrate such as surface
roughness and/or the pore size distribution beneath the surface of the substrate. In other
instances, the chemical nature and swelling behaviors of fibers is not taken into account.
Therefore, a general framework should be developed so that depending upon the volume of liquid
that must be assimilated within a set period of time, it is possible to specify the degree to which
roughness, pore size distribution and/or fiber swelling affect the liquid/substrate interaction.

Consider a small drop of water placed on a sheet. The drop assumes a position, which is largely
dependent upon three different surface tensions.

y sv = surface tension in the contact surface body-vapor
v sl = surface tension in the contact surface body-liquid
vy Iv = surface tension in the contact surface liquid-vapor

From this, Young’s equation is given as:
ysv-ysl=ylvcos 6

Surface Roughness:

Young's equation, above, applies to absolutely flat surfaces, which paper isn't, so another factor,
which accounts for the roughness and non-uniformity of the paper surface must be
accommodated.

Roughness can be accounted for if it is considered as a component of the surface energy
affecting the contact angle of liquid interacting with the paper surface. This roughness factor is
important, since it has the potential to significantly change the geometry of the liquid/paper
interface. The roughness of the paper can be accommodated in the derivation initiated above
with a factor called the roughness factor, R, and then:

cos Bobs =cos 6 f ( R)
An important point with regard to the roughness factor is that if the contact angle is above 90°, the

roughness factor results in a net increase, and if the contact angle is less than 90°, an increase in
roughness results in a decrease.
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Thus, as suggested at the outset of this discussion, from a theoretical perspective, surface
roughness is actually linked to the diffusion characteristics of the paper.

Practical consideration of roughness as a product quality attribute can be viewed from a couple of
different perspectives. One perspective that is subjective in nature is observation of a paper
surface texture at a low angle of illumination. This subjective roughness can often be confirmed
using profilometric or air leakage roughness measurements. Surface roughness from this
perspective is strongly influenced by fiber morphology. A good example of this phenomenon is
the difference between northern softwoods and southern softwoods, or the degree of treatment of
the fibers, as in the case of chemical pulps compared to mechanical or chemi-mechanical pulps.
Mechanical pulp fibers can also exacerbate differences in swelling behavior, and ultimately
topography, as the surface is exposed to various liquids. An example here is the “fiber puff”
phenomenon observed with offset printing of wood containing coated paper grades.

The other practical perspective of roughness is the one where it affects the contact angle and
resultant liquid sorption behavior. From a practical perspective, the roughness of paper and board
products is often viewed in discrete grade lines, such as that of high quality coated papers, or that
associated with linerboard. In fact, roughness should be viewed as a continuum that
encompasses this range, for the purposes of a broader understanding of liquid/substrate
interactions. From a practical perspective, the continuum of paper and board roughness has not
been sufficiently de-coupled from the pore characteristics beneath the surface to enable
assignment of positive or negative values to a roughness factor, as it is used in the calculation of
contact angle.. Furthermore, a number of different techniques are used to measure and describe
roughness throughout the industry. A single measurement technique has yet to be identified that
can span the continuum of roughness for the products the industry produces.

Pore Structure:

An under recognized phenomenon that influences liquid interactions with paper and board is the
reduction of the number and diameter of capillaries through densification of the paper or board
substrate. Densification is typically accomplished through refining, or in the paper machine press
section, or by calendering of the paper either before or after it is wound on the reel.

The notion of “capillary” transport of liquids is an important one for the purposes of this discussion
since it is a primary transport route for the liquid to move both within the x-y and the z planes of
the sheet.

If a drop of liquid on a paper surface is considered, and if gravity is neglected, then the pressure
on either side of the drop surface, P4 (pressure on the outside pushing inward), P, (pressure on
the inside pushing outward) and y (the surface tension of the liquid) must balance, unless
adsorption of the liquid is observed.

If adsorption of the liquid is observed, there is a net difference between P4 and P,, this is defined
as the capillary pressure or AP. We can further state that:

Py -Py=AP =L (1/r1 + 1/r;) where

P, and P, have already been defined, and yL is the surface tension of the liquid, and ry and r, are
the principal radii of the curved liquid.

Finally, if a single capillary is considered instead of the drop on top of a surface, and it is assumed
that a relatively well defined contact angle 6 exists between the liquid and the capillary wall, the
liquid surface previously defined as ry and r, reduces down to a simple radius of the capillary, r.
The capillary pressure can then be defined as Pc where:
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Pc = 2ycos
r

which is referred to as the Young-Laplace equation.

This is offset by back pressure according to the Hagen-Poiseulle law:

PF = 8nvl
where | = penetration length
v = dl/dt or the rate of penetration
n = viscosity of the liquid

The final pressure at the front of the liquid Pg can then be described as Pe - Pc.

or :Pe=Pr-Pc

The simple case of the equations can be solved and the result is the expression for the
penetration distance, or “1”, that is proportional to t"2. This is the well-known Lucas-Washburn
equation, and is shown below.

| = (2Rycos® + Pe ¥ )" o t'?

4n

It is important to note at this juncture that the equation, as derived thus far, is for the simplest
case, where it is assumed that the radius of the capillary pore remains constant, and therefore,
the final pressure is described by a simple difference. For papers and boards, it is plausible that
the radius is occluding at some rate due to fiber swelling, depending upon the chemistry of the
fiber and the volume of liquid applied, and that the final pressure is changing as a function of time.

Also, it is equally important to recognize that time is rarely a variable when liquids are applied to
paper and board substrates. Application of liquids is typically associated with a finite line speed,
and the challenge is to design a substrate to assimilate the applied liquid within the fixed time
available. Furthermore, when the liquid contains components, such as starch and latex, it may be
possible for differential migration of the components as a function of their respective
hydrodynamic radii.

Conclusions-Theoretical:

A couple of conclusions can be drawn from the theory presented thus far.
-the lower the surface energy (y), the lower the sorption of liquid.
-it may be possible to account for the roughness of a given surface with a roughness factor, “R”

-narrow pores ,”r”, gives low sorption of liquid.
p

Conclusions-Practical and Basis for Proposed Research: -

It is also possible to draw some specific conclusions based upon practical considerations.

-no single roughness measurement has yet been identified that can encompass the range of
roughness exhibited by our current grade structure of paper and board products.
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-roughness of paper and board surfaces has not been de-coupled from the pore structure
beneath to allow an independent analysis of the relative affects of each as roughness and
pore structure (as indirectly represented by apparent density). Thus, these potential
control tools are under utilized.

-there is no accommodation for changing back pressure within the pore structure resulting
from fiber swelling and resultant decreasing average pore radius. The degree of fiber
swelling is dependent upon fiber chemistry.

-since line speed of sizing, coating, printing and converting operations is a fixed parameter, the
effect of roughness, pore size and swelling characteristics should be viewed from a framework
considering the volume of liquid that must be assimilated in a fixed time frame.

Thus, in conclusion, the inter-relationship among these the substrate variables, roughness, pore
size distribution and fiber swelling over a wide range of applied liquid volumes that must be
assimilated in a finite time period has not yet been described. The description of this
interrelationship represents the basis for this proposal.
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BENEFITS FOR THE INDUSTRY:

The relevance of understanding the liquid/substrate interaction above in their relationship to
process control and product quality is embodied in sizing/body stock, coating/base stock,
ink/paper and ink/coating/paper interactions. The knowledge can be applied to both physical
phenomena such as crack at fold or dusting, or appearance issues such as paper and ink gloss,
roughness, and printed surface appearance. It may also provide the basis with which to
understand and predict phenomena such as different types of print mottle as a substrate problem,
as opposed to problems with coating formulations or drying of applied coatings.

DELIVERABLES:

Knowledge of the inter-relationship among paper and board surface roughness, substrate
capillary pore structure and the chemistry of the cellulose fibers as it affects fiber swelling

PROPOSED EXPERIMENTAL OUTLINE:

The experimental program is anticipated to be organized in three separate phases. The first
phase is proposed to be carried out under an “Exploratory” project during remainder of FY-98-99,
and is anticipated to continue through the balance of Calendar 1999 in a Dues Funded Project.
The remaining two phases are budgeted to be carried out beginning in FY-99-00, and continue
through FY-00-01 as a regular Dues Funded project.

Phase One:

Develop methods to independently vary surface roughness, capillary pore size, and liquid sorption
phenomena as affected by fiber chemistry, using paper substrates. Techniques of measurement
of these phenomena as they affect liquid sorption will be verified during this phase. It is critical
that volume of liquid be variable with the ability to specify a constant time for liquid to be
assimilated. Also, surface profilometry will be evaluated as a possible technique for
characterizing surface roughness over a wide range of paper and board grades.

Phase Two:

This phase will employ statistical experimental design methodology to establish the behavior of
liquids, as they interact with paper substrates within the space bordered by surface roughness,
pore size distribution, and fiber swelling behavior as dictated by fiber chemistry. Fiber sources will
be characterized so that those factors responsible for hydrophobic and hydrophilic behavior, such
as hemicellulose and lignin content will be established.

Phase Three:

In this phase, kinetic models of liquid/substrate sorption will be established for both high volume
liquid applications, and multiple application of low volumes.

PROJECT BUDGET:

See the attached budget worksheet.

PROJECT SCHEDULE:

PHASE WORK ACTIVITY 99J-J 199J-D |00J-J d0J-D | 01J-J| 014-D

Phase One methods development X X )
Phase Two designed experiment X X X X

Phase Three  Kinetic measurements X X X
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Liquid/Substrate Interactions

The basis for the proposal submitted
to the Paper Physics Project
Advisory Committee

23 March 1999
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It seems appropriate to ask what
practical problems are driving this
topic ???
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I could probably skirt the issue by just saying that
YOU ranked the subject of surface roughness
very highly when you were polled for areas where
research was desirable...BUT

In reality we all know there are a number of
quality problems that can be indirectly linked
to the application of liquid to a paper or board substrate
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Examples of Quality Problems

- print and/or gloss mottle of printed images

- crack at fold (coated products)

- lack of control of dot spread for ink jet applications
- illegible bar code images

- glue joint failure
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Examples of Quality Problems

- variability of success in controlling coating
strike-in using IR dryers

- slitter dust/print blanket contamination for
coated papers

- back trap mottle

- variation in ink film uniformity
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a specific example...
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Understanding the Physical
Properties of Linerboards
Affecting Flexographic Printing Coverage
and Mottle
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objective...

recommend paper machine variables
to manufacture linerboard and

testing methods which will minimize

coverage and mottle...
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Chronic Issues

- in printing areas, what print quality measurement are
best suited to compare against physical property
evaluations

- what is the most appropriate way to measure surface
roughness/smoothness

- differences among samples produced by a single source
do not represent sufficient differences to allow the
trends to be identified above baseline noise
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Chronic Issues, cont.
- general misunderstanding about the relationship
or lack thereof between air porosity and pore size

- general misunderstanding about the role of
sizing as it affects ink transfer

- the either/or mentality as opposed to both/and in

discussing roughness, pore structure and fiber
chemistry

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

71




Chronic Issues, cont.

- random searches for correlation of physical
properties instead of applying theory to practical
application

- over use of regression analysis when sample
to sample differences are simply not sufficient to
establish a trend
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Sample Collection
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Print Evaluation
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Physical Property Evaluation
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The Data
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Conclusions
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samples and measurement
techniques !
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Fig. 1 A hierarchy of scales in paper: (a) a roll of paper on a paper machine on the scale
of meters with a possible presence of streaks; (b) smallest continuum level on scales of
millimeters; (c) a random fiber network on millimeter and smaller scales; (d) a single fiber
with its layers P, S1, S2, and S3, and the lumen; (e) a fibril; (f) a cellulose chain.
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(a) (b)

Fig. 7(a) Deformation of the network with fiber bending (and shear) present, under axial strain
€11 = 1%; (b) the same network, with fiber bending almost absent, subjected to same strain -
note: mechanism-type motions of the network.
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An Example of Computational Mechanics

Effect of formation (flocculation) on the change of stiffness and strength

(for clarity, only a thin layer is analyzed, and only fiber axes are shown)

RBA = 0.327

RBA = 0.288
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Fig. 15(a). An undeformed fiber network, and (b) its deformation under an ¢ strain.
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(a) (b)

Fig. 16(a) A display of the path each node of Fig. 15(a) takes from its original position to the dis-
placed position of Fig. 15(b). (b) A display of the difference between each node’s displacement
in the present analysis and what its displacement would be if a uniform strain were imposed
not only on the exterior, but also on its interior nodes.
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Fig. 19 Schematic of an array of specimens (a) and various sizes (b) tested for strength.
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Fig. 2. A grey-scale plot of: (a) elastic modulus E Ibf/in; (b) breaking strength o, . in Ibf/in; (c) strain to fail-

ure €, . in %; and (d) tensile energy absorption TEA Ibf/in. All data are for an 8 x 25 array of 7”%x 1" spec-

imens. The ranges and assignments of values are shown in the respective insets.
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Fig. 3. Top to bottom: empirical histograms and Beta probability distribution fits of four mechanical properties.
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Fig. 42. A grey-scale plot of: (a) elastic modulus E Ibf/in; (b) breaking strength & in

max

Ibt/in; (c) strain to failure ¢, in %; and (d) tensile energy absorption TEA Ibf/in. All data

are for an 50x 2 array of 7”x 10” specimens. The ranges and assignments of values
are shown in the respective insets.
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John F. Waterhouse
"Hiroki Nanko
Miranda Bliss

March 23, 1999
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PROJECT OBJECTIVE

Determine how changes in fiber structure and
the means to produce them, are related to
improved paper machine productivity, paper
quality, and reduced energy consumption.

Relevant Research Lines:

10. Reduced net energy consumption per ton by 30% compared
to “97” levels.

11. Convertability and End Use Performance.
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PROJECT DELIVERABLES

1. Methodology for determining a pulp’s response to
refining.

2. Tools for improved pulp characterization.

3. Strategies for reducing energy consumption andA
improving paper-machine productivity.
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SHORTER TERM OBJECTIVES

1. Establish methods for producing selected changes in
fiber structure.

2. Establish methods to measure and characterize
these changes in fiber structure.

3. Determine the relative impact of these changes on
drainage, water removal, and paper properties.

4. Determine how selected pulp variables influence
these changes in fiber structure.

5. Determine the extent to which these changes can be
produced in production refiners.
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SELECTED CHANGES IN FIBER STRUCTURE

Internal Changes in Fiber Structure
External Changes in Fiber Structure
Fines Production

Fiber Length Reduction

Changes in Fiber Curl
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PULP VARIABLES AFFECTING
REFINING ACTION

* Pulping and bleaching processes

* Species and morphology

e Pulp rheology

e Consistency and state of flocculation
e pH and ionic state

* Fiber deformation behavior

e Chemical composition of cell wall
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SUMMARY OF ACTIVITY
(October 1998 - March 1999)
and Outline of Presentation

* Complete Joint Pulping-Bleaching-Refining
Project with Chemical and Biological Sciences
Division. .

* Investigation of a fibers propensity to “cutting”

* Investigation of a fibers propensity to fibrillation.
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PULPING AND BLEACHING CONDITIONS

OXYGEN DELIGNIFICATION CONDITIONS - 10%
consistency, 100°C, 90 psi 02, & 0.05% Mg*2

C or D - 2.5% consistency, 45°C, 30 mins.
E - 10% consistency, 70°C, 60 mins.
D - 10% consistency, 70°C, 180 mins.
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COOPERATIVE PROJECT BETWEEN CHEMICAL &
BIOLOGICAL SCIENCES AND FIBER AND PAPER

PHYSICS DIVISIONS

Kappa Number and Brightness of Pulps Prepared by the CBSD

Unbl. CED DED
Material & Cook kappa | kappa R. | kappa | R.

no. no. no.

S.P. chips = conventional kraft | 110.1 - - - -

S.P. chips = conventional kraft 28.1 0.87 84.0 | 210 [ 75.9
S.P. chips = conventional kraft 17.1 0.85 86.9 | 1.28 | 84.7
kappa 30 = O oxygen 20.4 3.51 88.3 | 6.28 | 81.2
kappa 30 = O oxygen 15.7 2.80 88.6 | 1.31 83.1
kappa 30 = O oxygen 12.1 0.46 90.8 | 1.03 | 84.1
kappa 30 = O oxygen 10.7 1.11 89.9 | 458 | 85.8

S.P. chips - refers to southern pine chips
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COOPERATIVE PROJECT BETWEEN CHEMICAL &
BIOLOGICAL SCIENCES AND FIBER AND PAPER

PHYSICS DIVISIONS

Carboxyl Content of Pulps Prepared by the CBSD

Unbl. Unbl. Bl. CED | Bl. DED
Material & Cook Kappa | COOH COOH COOH
no meqg/g meq/g meqg/g |
S.P. chips = conventional kraft | 110.1 0.175 - -
S.P. chips = conventional kraft | 28.1 0.077 0.030 0.041
S.P. chips = conventional kraft 17.1 0.049 0.037 0.039
kappa 30 = O oxygen 20.4 0.081 0.046 0.041
kappa 30 = O oxygen 15.7 0.078 0.036 0.046
kappa 30 = O oxygen 121 0.072 0.051 0.035
kappa 30 = O oxygen 10.7 0.067 0.044 0.043
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COOPERATIVE PROJECT BETWEEN CHEMICAL &
BIOLOGICAL SCIENCES AND FIBER AND PAPER

PHYSICS DIVISIONS

Final Calcium Content of Pulps Prepared by the CBSD

Unbl.
Material & Cook Kappa | Unbl. Bl. CED | BI.DED
no Mg/Kg Mg/Kg Mg/Kg
S.P. chips = conventional kraft | 110.1 4360 - -
S.P. chips = conventional kraft | 28.1 1680 907 1290
S.P. chips = conventional kraft 171 903 647 764
kappa 30 = O oxygen 20.4 1720 663 755
kappa 30 = O oxygen 15.7 1610 614 745
kappa 30 = O oxygen 12.1 1430 706 740
kappa 30 = O oxygen 10.7 1420 700 717
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FREENESS VARIATION WITH

KAPPA NO.
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FINES PRODUCTION VS KAPPA NO
(O revs to 3000 revs. PFI mill)
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FINES PRODUCTION VS KAPPA NO.
(0 revs. to 3000 revs. PFI mill)
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VARIATION OF WRV WITH KAPPA No.
(fines free)
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CHANGE IN IRON COLLOID CONTENT WITH
REFINING

Changes in Iron Colloid ugms/gm Pick Up with Refining

Unbl. Unbl. CED DED
Material & Cook Kappa AFe. AFe. AFe.
no. 0- 3000 revs | 0- 3000 revs | 0- 3000 revs
S.P. chips = conventional kraft 110.1 14,550 - -

S.P. chips = conventional kraft 28.1 25,300 33,000 32,000
S.P. chips = conventional kraft 171 17,500 21,800 23,200
kappa 30 = O oxygen 20.4 22,900 22,500 26,700
| kappa 30 = O oxygen 15.7 30,700 23,900 23,700
| kappa 30 = O oxygen 121 30,700 24,800 20,500
kappa 30 = O oxygen 10.7 22,400 22,200 26,100
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COOPERATIVE PROJECT BETWEEN CHEMICAL &
BIOLOGICAL SCIENCES AND FIBER AND PAPER
PHYSICS DIVISIONS

Curl Measurements by Projection

Unbl. Unbl. CED DED
Material & Cook Kappa 0 3000 0 3000 0 3000
no revs revs revs revs revs | revs

S.P. chips_= conventional kraft 110.1 1.02 1.05
S.P. chips = conventional kraft 28.1 1.04 1.07
S.P. chips = conventional kraft 17.1 1.05 1.06 1.20 1.17 1.28 1.12

| kappa 30 = O oxygen 20.4 1.42 1.09
| kappa 30 = O oxygen 157 1.32 1.13 1.12 1.05 1.11 1.07
| kappa 30 = O oxygen 12.1 1.39 1.09

kappa 30 = O oxygen 10.7 1.45 1.14
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COOPERATIVE PROJECT BETWEEN CHEMICAL &
BIOLOGICAL SCIENCES AND FIBER AND PAPER
PHYSICS DIVISIONS
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VARIATION OF OUT OF PLANE ELASTIC
CONSTANT WITH APPARENT DENSITY
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MULTIPLE REGRESSION ANALYSIS
INCLUDING APPARENT DENSITY & CURL
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