The Institute of Paper
Chemistry

Appleton, Wisconsin

Doctor’s Dissertation

Correlation of Certain Morphological
and Hydrodynamic Aspects of
Loblolly Pine Bleached Kraft Pulp

Anthony P. Binotto

January, 1977




CORRELATION OF CERTAIN MORPHOLOGICAL
AND HYDRODYNAMIC ASPECTS OF
LOBLOLLY PINE BLEACHED KRAFT PULP

A thesis submitted by

Anthony P. Binotto
B.S. 1970, The Pennsylvania State University

M.S. 1972, The Pennsylvania State University

in partial fulfillment of the requirements
of The Institute of Paper Chemistry
for the degree of Doctor of Philosophy
from Lawrence University,
Appleton, Wisconsin

Publication Rights Reserved by
The Institute of Paper Chemistry

January, 1977




ii

I am extremely appreciative for the secretarial and
technical skills of my wife, Barbara, for whom this
undertaking has resulted in many years of struggling
with little more than basic necessities. Without
her help, encouragement, and patience, I would not

have made it through these trying times.




TABLE OF CONTENTS

Page
ABSTRACT 1
INTRODUCTION ‘ 3
Objective . i
Review of Peftinent Literature Concerning Morphological Aspects
of Pulp Fibers | L
Wall Fraction Vﬁriation 5
Fiber Length Variation T
Review of Pertinent Literature Concerning Hydrodynamic
Evaluation of Pulps 9
Wet Mat Compressibility ' 10
Specific Filtration Resistance 18
Specific Surface and Specific Volume 20
EXPERIMENTAL PROCEDURES ; 2L
Isolation of .Fiber Populations 24
Raw Materials 24
Prepasration of Pulp 24
Earlywood and Latewood Separation 26
Fiver Length Separation 29
Fiber Analysis 29
Hydrodynamic Measurements 30
Wet Mat Compressibility 30
Constant Rate Filtration 32
Permeation | 32
RESULTS AND DISCUSSION 34
Measured and Calculated Morphological Properties 3k
Fiber Separation and Dimensioﬂs 34
Number of Fibers per Gram Lh

Calculated Moments of Inertia 45




ive

Page
Calculated Surface and Volume to Mass Ratios - 48
Fiber Morphology and Wet Mat Compressibility :50
Compressibility Constants M and N 50
Compressibility | 25
‘Wet Mat Density 56
| Correlation of M and Fiber Dimensions A 59
Mathematic;l Procedufe for Determination of Derivatives from

Curves of Experimental Data ' 66
Least Squares Solution of ¥ = bp + bix> + bax> 66
Computer Program c ) 70
Fiber Morphology and Specific Filtration Resistance ' 71
Average Specific Filtration Resistance 71
Local Specific Filtration Resistance Th
Feasibility of Determining §w and v as Functions of Pressure 81
Refinement of Calculation Procedures 82

Analysis of Assumption in Determining §W and v as Functions of
Pressure = 83
Fiber Morphology and Average Specific Surface and Volume 84
Average Specific Surface _ 871
Average Specific Volume 88
CONCLUSIONS : 91
IMPLICATIONS OF RESULTS 93
SUGGESTIONS FOR FUTURE WORK 95
LIST OF  SYMBOLS 96
ACKNOWLEDGMENTS 99
LITERATURE CITED 100
APPENDIX I. ORIGINAL MAT DENSITY DATA 103

APPENDIX II. THREE-DIMENSIONAL PLOTTING PROGRAM 108




. Page
APPENDIX III. COMPUTE% PROGR%M USED TO CALCULATE AN EQUATION OF THE
FORM y = be + bax— + Dbax— - 109
APPENDIX IV. TWO-DIMENSIONAL PLdTTING PROGRAM o111
APPENDIX V. COMPUTER PROGRAM FOR THE ANALYSIS OF CONSTANT RATE FILTRATION
DATA - 112

APPENDIX VI. OUTPUT FROM PROGRAM CRFILT USING AVERAGED PRESSURE VS. TIME
DATA FROM CONSTANT RATE FILTRATION, AND AVERAGED COMPRESSIBILITY DATA . . 119

APPENDIX VII. HISTORICAL PROGRAM AND OUTPUT FOR CALCULATION OF <§w> AND <v>

AS FUNCTIONS OF PRESSURE FROM FILTRATION RESISTANCE AND COMPRESSIBILITY
DATA 131

APPENDIX VIII. HISTORICAL PROGRAM AND OUTPUT FOR CALCULATION OF §w AND v

AS FUNCTIONS OF PRESSURE FROM MULIPLE PRESSURE TAP PERMEATION 150

APPENDIX IX. ANALYSIS OF INHERENT ASSUMPTION IN DETERMINING §w AND v AS

FUNCTIONS OF PRESSURE SIMULTANEOUSLY 171




ABSTRACT

Unbeaten, bleached loblolly pine kraft pulp is separated into fiber popula-
tions characterized by differences in wall-fraction and mean fiber length, Lf..
Briefly, the procedure first involves separation of the bleached pulp into predomi-

nantly earlywood and latewood fiber fractions (low and high wall-fractions,

respectively) using a Jacquelin apparatus. These fractions are next subdivided

_ into fiber populations according to mean fiber length using a Bauer-McNett

classifier. Variation in mean fiber length within the set of earlywood and late-
wood fiber populations correlates with wall thickness and fiber diameter in a.
manner similar to that within a tree. Static compressibility data show the re-

lationship between mat density, ¢, and pressure, Ef, follows ¢ = M_Pﬂ-for of

r
about 10 to 150 cm Hz0. 1In this expression the compressibility constant N is
found to equal 0.373 for earlywood and latewood fiber populations and the com-
pressibility constant M correlates with fiber length for all fiber fractions.
Compressibility, dg/dgf, is greatest for shortest earlywood fibers and least for

)1/3

longest latewood fibers. M is linearly related to (1/ , where I_, represents

Iy Iy

the moment of inertia for a flattened fiber model, in agreement with the simple
compressibility model originally developed by Wilder. The linearity of the
relationship supports bending as the dominant mechaniém in compressibility of wood
pulp, and suggests that the wood pulp fiber is essentially flattened prior to

bending. Since lF is defined as 2/3 EI? gf, where WL is wall thickness and gf

fiber diameter, it appears that the wood pulp fiber dimensions influencing com-
pressibility are primarily wall thickness and to a lesser degree fiber diameter.
Trends in M with changes in mean fiber length of earlywood and latewood fibers

tend to follow previously reported changes in dynamic modulus of earlywood and
latewood in successive growth rings, and also in elastic moduli and fibril angle.
Average specific filtration resistance, <R>, obtained from constant rate filtration

data at a given pressure drop, Agf, in the range 10 to 90 cm H20 also correlates
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with wall fraction and .fiber length. Percentage change in <R> is about comparable
to those trends observed for c¢; however, change in <R> with Lf is much greater.
Smallest earlywood fibers have highest <R> values and these increase most with
increase in Azf compared with other fiber fractions. At constant mat density,

¢ = 0.100 g/cc, <§?/A2f has a sixfold change arising from fiber morphological
variation. Local spec;%ic filtration resistance, R, is calculated from pressure
vs. time data obtained from constant rate filtration using a newly developed
statistical procedure for determining derivatives. Changes in R with fiber wall
fraction and length are similar to those found for <R>, but R values were much
higher and increased significantly more with pressure. The square of average
hydrodynamic specific surface, <§w>2, is proportional to <R>, and this relation-

ship is comparatively insensitive to changes in c¢ and average specific volume,

<v>. Calculated geometric specific surface is closest to <§w> for latewood with

greatest fiber length, probably because these fibers most closely approximate
circular fibers. The swollen volume calculated from filtration and compressibility
data is considerably less than that of a cylindrical model, indicating fiber
collapse under fluid drag forces. The ratio of the two corresponding volumes is
almost 3 for earlywood and about 1.6 for latewood. Data for <v> also indicate
immobilized water varies from 1.04 to 1.97 ce/g with morphological changes.

Apparently most of this water is within the fibers and not elsewhere.
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INTRODUCTION

Interest in the genetic and silvicuitural improvement of‘wood fibef‘proper-
ties has béeﬁ'increasing for many yeafs, especially with respect tb the co}rela—
tion of fiber improvements with the dry éheet properties of pulp. Changes in
sheet properties have been related to changes in morphological factors such as
cell wall thickness, length, and width (1-3). A comprehensive study on the ré—
lationship between fiber morphology and kraft.papef properties for loblolly pine
was also used as part of the basis for Tappi committee activities concerned with
the aim of .assigning economic values to specific methods of alterning wood and
fiber properties (4). From such studies and activities it is apparent that there
is significantly more known about the relationships between fiber morphology and

products than is known about morphology and processes.

One process related area in which the role of wood fiber moréhology is un-
clear concerns the hydrodynamic (water related) properties of pulp; specifically
wet mat compressibility, filtration resistance, average specific surface, and
averagé spécifié volume. Previous work has related these hydrodynamic properties
to the structure of model fibefs; i.e., the effects of glass or synthetic fiber
dimensions and shape on compression and resiétance to flow of fluids thréugh
fiber mats have been reported (5-8). On the basis of such studies it is to be
expected that correlations would exist between wet mat compressibility and re-~
sistance to fluid flow, as reviewed by Han (9), and certain aspects of wood fiber
morphology. One aspect is that thick-walled latewood fibers with relatively high
wall fraction and thin-walled earlywood fibers with relatively low wall fraction
would vary significantly in the compressibility of their wet mats. The latewood
fibers, which have thicker cell walls and greater axial elastic moduli (10-1k4),

might be expected to compress less readily into flattened cross sections and bend

to a lesser degree, thereby providing lower wet mat density and less resistance
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to fluid flow. Another correlative aspect would be variation in fiber length (9).
Short fibers which also have smaller diameters might be expected to pack tighter

than long fibers and give mats of higher density. In addition to the dimensional
aspects of wood fibers it is also necessary to take inté account degree of‘delignifif
cation since this also relates to mat compressibility and flow of fluids through

fiver mats (15,16).

In the past these hydrodynamic properties were of interest primarily in under-
standing paper machine processes such as drainage. Recently, however, technological
developments in the area of displacement washing and bleachihg have made use of wet
mat compressibility and filtration resistance data in the design and operation of
equipment (ll). Correlation of variations in gross fiber morphology, such as wall
fraction and fiber length, to these hydrodynamic properties should aid in equip-

ment design and development of efficient operating conditions.
OBJECTIVE

The aim of this study is to obtain correlations between the aforementioned
hydrodynamic pulp properties and wood fiber morphological variation, including
wall fraction and fiber length, using unbeaten bleached loblolly pine kraft pulp.

REVIEW OF PERTINENT LITERATURE CONCERNING
MORPHOLOGICAL ASPECTS OF PULP FIBERS

Studies involving model systems of synthetic fibers (5-9) have demonstrated
the relative importance of fiber characteristics such as fiber cross-sectional
shape and length in influencing the hydrodynamic properties of pulp slurries.
Unfortunately, the pulp and paper industry does not work with "ideal" fiber
systems. Wood, the principlé raw material of the industry, is morphologically
complex. The length of fibers varies within a given tree, and wood produced

in temperate climates contains cells of greatly varying wall thickness. The

N
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largest difference, however, between wood fibers and the solid synthetic fibers

previously used in model studies is that wood fibers contain a lumen.
WALL FRACTION VARIATION

Collapse of the lumens of wet wood pulp fibers under pressure increases
fiber conformability by altering the cross-sectional shape of the fiber. At .
relatively low pressures fibers can collapse to varying degrees, and the degree
of collapse appears dependent upon the fiber wall fraction (percentage gf the

fiver radius that consists of fiber wall).

For a softwood pulp major differences in wall fraction naturally occur
between thin-walled early%ood fibers which have lower wall fraction and thick-
walled latewood fibers. Earlywood fibers collapse at significantiy lower com-
pressive stress than latewood fibers, and a comparison of the apparent transverse
elastic moduli (compressive modulus of the fiber wall) of wet earlywood and late-
wood spruce kraft pulp fibers also revealed earlywood modulus to be significantly

lower (1k).

In order to study the effects of these differences between earlywood and

latewood wall fraction, the two fiber populations must be separated.

Uspally the separation of large amounts of earlywood and latewqéd fiber for
laboratory investigation is a difficulf process. Conventional separation is
achieved by splitting growth rings with a knife. Although the degfee of
separation using this technique is excellent, the Job is tedius and the time

required often prohibitive. Thus, large scale investigations are often impractical.

A mechanical method of fiber classification, which proposedly utilizes the

modulus differences betWeen'earlywood and latewood pulp fibers, was discovered
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by Jacquelin (18) and has been successfully used at the Institute (;g,gg). ‘Briefly,
Jacquelin's procedure involves the slow rotating agitation of a pulp slurry in an
inclined cylindrical container as shown in the schematic of Fig. 1. The rotating
agitation causes the thick-walled latewood fibers to felt into flocs while the

more flexible thin~walled earlywood fibers remain in the field fraction. Each
fraction can then be isolated, redispersed, and reagitated to;increase the degree

of separation.
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ANGLE IRON FRAME

Figure 1. Schematic of Jacquelin Apparatus
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FIBER LENGTH VARTATION

Fiber length distributions for unbleaéhed lbblolly pine earlywdéd and late~
wood fibers have been compiled and show for a range of specific gravitieé that
earlywood and latewood mean fiber length increases with increasing\distance from
the pith. Thus, juvenile wood is composed of shortef %ibers than mature wood.
This trend is generally true for all conifer species, and is exemplified by the

data in Fig. 2.
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Figure 2. Variation in Tracheid Length and S, Fibril Angle in
Successive Growth Rings of Pinus radiata (g;)

Latewood fibers for a given growth ring and specific gravity are longer
than earlywood, but within-a given tree the fange of earlywood and latewood
fiber lengfhs overlaps (gg). Therefore, a single tree produces earlywood and
latewood fibers of the same length; however, the respective fibers may not occur

within the same growth ring.
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Unlike synthetic fibers, the lengths of unbroken wood pulp fibers are
related to other fiber dimensions (gg,gg). As the average length of a wood
pulp fiber increases: |

1. average fiber diameter increases,
2. average wall-thickness increases, and
3. 82 fibril angle decreases.
The decrease in S; fibril angle, 6, with increasing fiber length, Lf, shown

in Fig. 2 can be described by Equation (1),

Lf =8 + b cot 8 (1)

where a and b are constants. This relationship is important since the S; layer
comprises the majority of.the cell wall, and decreasing the fibril angle increases

the apparent axial modulus of elasticity of the wall material (13,23,24).

The strong correlation of fiber length to these properties is a result of
the growing process of the tree. Fibers near the pith are influenced by a
rapidly growing apical meristem. They are generally short, narrow, thin-walled,
and have.high Sz fibril angles. These fibers are called juvenile wood. As
distance from the pith increases, the influence of the apical meristem decreases
and an increase inlthe girth of the vascular cambium occurs (permitting the
diameter of the tree to increase with age). In order for the girth of the cambium
to increase, the cells composing the cambium (callea fusiform initials which

through repeatéd division give rise to a radially directed row of fibers) in-

-crease in number and alter their shape by increasing tangential diameter and

length (23). Fibers in turn become longer, wider, thicker walled, contain higher
wall fractions, and have lower S; fibril angles and subsequently higher modulus
values with increasing age of the tree (ggrgz). The change from Juvenile wood

to mature wood is a gradual one and varies from tree to tree; however, wood is
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generally considered mature when the ratio of earlywood to latewood is approxi-
mately equal. This occurs after about 10-years growth, i.e., distances greater
than 10 growth rings from the pith (22,23). | "

The isclation of fiber populations of corresponding length can be achieved
through a second mechanical process — Bauer-McNett classification. This fiber
length separation is based on the statistical probability that fibers of a-
certain length will be retained by a given size screen during agitation and.con—
trolled water flow.

REVIEW OF PERTINENT LITERATURE CONCERNING
HYDRODYNAMIC EVALUATION OF PULPS

The flow of water through pulp fiber mats is of great importance since it is
involved in both pulp washing and sheet formation: Technically, washing and sheet
formation may be described by a process of filtration and/or permeation. Filtra-
tion generally refers to the retention of fibers on a screen (mat formation),

whereas permeation describes the flow of water through a previously formed mat.

These flow processes may be quantified using mathematical expressions based
on the well known empirical relationship, the Darcy equation (described below).
In the pulp and paper industry, evaluations of this type are generally referred

to as hydrodynamiec evaluations.

A detailed review of the development of the field of hydrodynamics with re-
spect to the pulp and paper industry has been presented by Han (26,27). For the
sake of clari;y, however, the development of the equations‘used to calculate
wet mat compressibility, filtration resistance, specific surface, and specific

volume is presented below.
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WET MAT COMPRESSIBILITY

The wet mat compressibility of & wood puip mat is generally defined by the
correlation of wet mat density to static load. Compressibility data is obtained
for first compression using the equipment shown in Fig. 3 in conjunction with
the procedure developed by Ingmanson and Andrews (29) as presented in the
Experimental section. Briefly, a fiber slurry is poured into the cylinder,
agitatéd, and allowed to settle. The porous‘piston is placed on top of the mat
and loaded with brass weights at equally spaced time intervals. Mat thickness
(and subsequently mat density) is measured as a function of pfessure with the

dial micrometer.

The empirical correlation between wet mat density and static load used by
Campbell (;g) for kraft and groundwood pulps has repeatedly been shown to apply
to other pulps for the pressure range of 10 to 100 g/cm?® (26,27,31,32) and
appears applicable up to pressures of 10" g/cm® (9). The empirical correlation

which was modified by Ingmanson (31) is of the form:

_ N
c=c + M Pf (2)

where go is the mat density at zero stress which is usualiy about 0.02 to 0.04

g/cm®, ¢ is defined as the wet mat density at a pressure gf, and M and N are
empirical constants. The equation is the result of the linearity of a log-log

plot of ¢ vs. Eﬁf

In an attempt to define the physical significance of the compressibility
constants M and N in Equation (2), Wilder (33) formulated a simplified mathematical
model to describe the compressibility of a synthetic fiber mat. Wilder's model

was refined by Han (9), resulting in a more realistic though still oversimplified

description of compressibility. Development of this refined model with discussion
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of the applicability of the necessary assumptions to wood pulp fiber mats is

presented below.

The model is based on the statistical arrangement 6f fibers in a bed such
that the fiber to fiber contact points are aslternately arranggd ;boye and below
a given fiber, as in Fig. 4. The structure of the mat is assumea to consist of
horizontal layers (all fibers oriented in the x-y plane), and each layer supports

the applied load equally. End effects are neglected.

{r—
3
j—
S

|
|
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=
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O
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Figure 4. Alternate Arrangement of Fiber to Fiber Contacts

At any state of compaction there is a constant distance between fiber to
fiber contacts called the segment length, Ls' Applying the Onagi-Sassaguri

equation (62) to the unstressed structure, the initial segment length, L

=s,0’
is related to the initial solid fraction by the following equetion,
SO s . - (3)
Ps 16 Ls’o

where pf is the fiber density. The segment length is assumed to be statistically
the same everywhere in the mat and is constant for a specific level of applied

stress.

The initial mat density in a mat of unit area consisting of n similar layers

would be:
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2
(Ta./b) No Ly e

—3 (4)

c =£=
o L
o

T
where E7 is . the mass of the fibers, Lo is the initial mat thickness and.ljf is

the number of fibers per unit area.

Upon compacting a.structural element, no deformation is‘assumed to occur
at the contact points (an assumption necessary to facilitate solution of the
resulting mathematical equations). Therefore, increase in mat density with
increase in pressure is due to an increase in the number of contacts brought
about by fibervbending; Increasing the numbe? of contacts decreases LS; this

may be related to mat density using the simpiest solution of the Onagi-Sassaguri

theory:

The number of contacts per layer, Ec’ adjacent to two other layers is:

L - Nf Lf (6)
c 2LS n

If the elastic deformation of the fiBers is small, the deformation may be
assumed to be governed by the equations of beam deflection. This enables the
deflection, §, of the fibers in the z-direction to be described by:

3

Ln Pn
§ = K EI . : (7)

n

where L is the free span between two supports (Fig. k), P is the magnitude of

the total load, E is the elastic modulus of the fibers, I is the second moment
of the fiber cross-sectional area or moment of inertia. The préduct EIl represents
the flexural rigidity of. the fibers, and Kn is a parameter dependent upon load

distributions. The subscript n refers to the number of spans.
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An infinitesimal load uniformly applied to the top of the mat is uniformly
transmitted through the mat via the interfiber contact points. The incremental
force sustained by each contact in the layer is dgf/gc. This force causeés the
fibers to bend, when the simple beam theory described by Equation (7) is applied,

the reduction in thickness is:

3
R N (8)
n K EI n
n c
where:
L=W/c (9)

From Fig. 4, is twice LS; and from Equation (4), n = E/(gogf). This information

L
e

plus Equation (9) substituted into Equation (8) yields:

. 2L )® ap
_atwge) _ P) (10)
W/ (c df) K EI n
which reduces to:
(er, )3 apP
g%_= K EIc d nf (11)
n f c
From Equations (5) and (3):
cO w3 pf df
Ls = Ls,o —E-= 16 ¢ (12)
Substituting Equations (4) and (12) into Equation (6) yields:
32 ¢ ¢
iy (13)
i pf df

The final differential equation is obtained by combining Equations (11), (12),

and (13):
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13 5 4 R .
T3 p2 4
c? de = f f 4ar (14)
B K ETc2. T :
n [e]

For a wood pulp fiber system , and I are functions of Ef. Resolution

L0 dp £

of Equation (14), therefore, leads to Equation (15) which has little practical

value since the integral cannot be evaluated.
P

13 .5 : 4
el
el —=E | L (15)
47 B 2 n
e} 0

However, for synthetic fiber systems in which the fibers do not appreciably
deform under pressure, gf and I are essentially constant with respect to

changes in Eﬁf Furthermore, Kn has been shown tolbe a strong function of Ef

(6) sﬁch that,
K = a(p/5)P (16)
n iy

where o and B are constants. With these contentions, Equation (15) reduces to:

13 5 L
o 3m 7 ppdp
¢ -¢° = P

47 a(1-)e? 1 P

1-8

. (17)

Lacking understanding of the mechanism in Equation (16), the possibility of B

may be assumed; and when ¢, <<¢, Equation (17) becomes:

13 .5 -4 1/ 3
c = T P % p (1#B)/3 _ y oV (18)
47 a(12g)e? T TP £ £
(o]

Although Eguation (18) is only an approximate description of the complex
system of compressibility, it correlates well with experimental data, thereby
giving at least a qualitative indicatioh how the compressibility constant M is
complexly related to the physical properties of the fibers éomprising the mat.
Through development of this model, N appears to be significantly less dependent

on these properties.
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From Equation (18) it is apparent that the most important factors influencing
wet mat density are fiber dimensions and pressure. Wilder (33) in a study of
compression, creep, apd creep recovery showed that time was also an important factor,
with initiai changes in mat density primarily due +to the resistance of the mat
to the flow of water as pressure is applied very rapidly. Equation (18), there-

fore, applies primarily to relatively long periods of loading (several minutes)

where the mat has, for practical purposes, reached an equilibrium.

The effects of fiber dimensions on compressibility were also studied by

Jones (5) and Elias (6).

Jones (5) in a thesis on compression recovery response studied the compres-
sibility effects of fiber length, diameter, and modulus of elasticity (M.0.E.).
Using glass, Nylon, and Dacron fibers he was able to show that changes in wet
mat compression response are independent of synthetic fiber diameter, and that
mat . compressibility at constant pfessure increases with decreasing fiber length
and M.O.E. BSouthern pine summerwood pulp fibers were shown to have a similar

length vs. compressibility relationship; however, fiber M.O.E. was not measured.

Although the data compiled for the synthetic fibers was extensive, data
compiled for the wood pulp was minimal. Specifically, Jones' study incompletely

examined the effect of wood pulp fiber dimensions on compressibility.

Elias (6) further examined the facfors relating to the mechanism of
compressibility of fibrous mats by developing equipment and techniques which
allowed individual fibers in the interior of thick glass fiber mats to be
visually observed while the mat was squect to compression. By observing the
arrangement and copfiguration of fibers within the mats, he was able to show how
the internal structure of the mat was influenced by fiber dimensions and how

the fibers respond to compression. As previously shown by Jones (2), fiver
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length was a critical fiber dimension in the glass syftem.used by Elias. Beds
of longer fibers compressed more readily, i.e., showed‘a gfeater chanée‘in
solids fraction: for a given increase in applied stress, then beds containing
fibers of shorter length. By observing the distance between fibér contacts
(segment length) this phenomenon could be explained. Elias found that segment
length was proportional to fiber length; the mean number of fibers touching a
given fiber per millimeter of fiber length decreased as the fiber length in-
creased. This increase in segment length allows fibers to bend m§re readily,

thereby making the mat more easily compressed.

In wood pulp fiber systems the process parameters of cooking and beating
have also been shown to be important factors influencing wet mat compressibility.
Gren (15) has shown that the compressibility constant, N, of fiber beds decreased
slightly with increasing kappa number. If the assumption is made that wood pulp
fiber stiffness decreases with lignin content, it may be noted that -the compres-
'siﬁility of a pulp mat (like synthetic fibers) also increéées with decreasing
‘stiffness.

et R T,

1ﬁiﬂéﬁl(2) has shown that wet mat density at a given applied stress increases
with increase in time of Valley beating. Theveffect“of beating on fibers is
difficult to analyze, but Valley béAtiﬁg generally decreases mean fiber length,
and on this basis would be expectédlto ihfluence compressibility. This céntenfion
is supported by observation thét'ball milling does not appear to affect compres-

sibility constants M and N.

For the above discussion, it mgydbe hyﬁSthesized that ﬁhé réspeéti&e wet
mat density of earlywood and latewood at a given applied stress would decrease
with increasing fiber length; and that the slope of é_plot of wet mat -density vs:
pressure should. increase more fapidly with pressure for thin-walled earlywood

fibers than for thick-walled latewood fibers.
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SPECIFIC FILTRATION RESISTANCE

Specific filtration resistance is a reliable index of drainage, and, there-
fore, an important property of the pulp slurry (31); and like wet mat compressi-
bility, constant rate filtration date from which specific filtration resistance

is calculated, is relatively easy to obtain.

The equipment used is schematically shown in Fig; 5.1 Briefly, a dilute
suspension of fibers, from an agitated holding tank, flows into the filtration
tube, and the fibers are retained on a septum (wire screen). The water is pumped
out of the tube through a rotameter at a constant rate, thus the name constant
rate filtration. As the mat gets thicker, the pressure drop increases and is

recorded with time on an electronic recorder.

il THERMOMETER
STOCK FILTRATION t
TANK TUBE ,
- =
Y - RECORDER
MATF
ROTA_\MEJTER

: PRESSURE
TAPS

PUMP

Figure 5. Filtration Apparstus
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The equation from which specifie filtration resistance, R, is calculated.

is based on the differential form of the Darcy equation (31,32;34,35),

dAP : ' o '
f_1lau
dz K A (19)

where ¢ is the volumetric flow rate of a noncompressible fluid of viscosity, W,
through a fiber bed of cross-sectional area, A, and thickness, dz. which develops
a frictional pressure drop, dAEf. The negative sign indicates flow in the downward

(negative z) direction.

The permeability coefficient, K, is related to the specific filtration

resistance, R, by the following expression:

_ I S ‘
K= R(aw/az) ~ ®e (20)

where W is the mass of fibers per unit area of mat; therefore dW/dz represents

a local mat density, c.

W can also be expressed in terms of the filtration time, t, and stock

consistency, C.

t
=4
W = jo C dt (21)

Systematic substitution of Equations (20) and (21) into Equation (19) results

in an equation describing the local specific filtration resistance,

dAP
. t dt

1;;,,

R = (22)

q® ue

where B is.a constant for a given filtration. The R described by Equation (22)
applies-to a small but measurable section of the forming mat immediately above

the retaining screen.
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For a relatively dilute slurry, C may be assumed independent of t. Inte-
gration of Equation (22) will then yield an equation describing the aferage
specific filtration resistance, <R>, for the whole mat,

APf

<R> = B < (23)

Problems in obtaining accurate values for dABf/dE,have necessitated use of

Equation (23) for calculation of filtration resistance values (26). Recently,
these problems have been resolved through development of an accurate numerical

procedure for differentiation (described in a later section).

The major factors influencing specific filtration resistance are pressure
and fiber dimensions. It may be observed from Equations (22) and (23) that
filtration resistance increases with dAEf/dE_aﬁd Agf/g and, . therefore, pressure
and time are important parameters in the filtration analysis. AFurther mathe-
matical resolution of filtration resistance inté its component parts (describe@
below) reveals that fiber specific surface and mat porosity are also important

factors. Filtration resistance increases with the square of specific surface,

~and decreases with increasing porosity.
SPECIFIC SURFACE AND SPECIFIC VOLUME

The most successful mathematical relationship to describe the creeping
permeation of an incompfessible porous bed as a function of certain physical
properties of the material composing fhé bed is, again, the Darcy equation
[Equation (19)]. The Darcy prdportionality factor, K, is not only related to

the filtration resistance but is dependent on the structure of the porous medium.

This dependence of K on the physical properties of the porous medium was

found by Kozeny (36) to be a function of the porosity, €, and ‘the specific
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surface per unit vélume, §v. Kozeny's relationship was expanded by Carman (;1)
resulting in the Kozeny-Carman equation.
3
K= ——F —— - , (24)
k S2 (1-€)?
v

-

The Kozeny factor, k, in Equation (24) was unfortunately found not to be a con-
stant as originally believed, but also dependent on the porosity at porosities

greater than about 0.8.

In a study of air flow through fibrous materials, Davies (38) obtained an
empirical correlation to descfibe the dependence of k on €. Later, Ingmanson,
et al. (39) discovered that .k was also dépendent on fiber orientation. Since
mats formed during papermaking processeshﬁsually have fibers oriented with their

axis perpendicular to flow, the empirical correlation developed by Davies was

slightly modified to Equation ( for solid circular cylindrical fibers.

g o —Kie® 1 + ky(l-€) (25)
(l 8)1/2

where k; = 3.5 and ks = 57.

Substitution of Equation (20) into the modified Darcy equation used to
describe filtration resistance [Equation (22)] yields an expression relating the

constant fate filtration terms, B and dABf/dEJ to K.
AP /dt = (Bek)™! (26)

Substitution of Equation (25) into Equation (2k4) yields an expression for K

in terms of € and §V. By definition, € = l—xgland §v = §w/zg vhere v is the

specific volume (volume denied to flow) and §W is the specific surface per gram

of fiber (surface to mass ratio). Incorporation of these substitutions into

Equation (26) results in:
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aApP k, S2 01/2 Co o
£ _ W 3 .3
e 7 1+k, vic (27)
B v .

Equation (27) can be solved for v and §w from constant rate filtration data and

compressibility data with the aid of additional information describing the

pressure relationship of either §W or v.

Alternatively, Equation (27) may be integrated and rectified (rearranged

to the form of & linear equation) with the assumptions that v and §W remain

constant with respect to the integration, and the average mat density, Eavg’

is of the form (L40)

Cag = (1-/2)2 MAP? = (1-N/2)2 ¢ (28)

This integration results in Equation (29) which can be solved for <v> and <82

(average values of v and ) through linear interpretation of a plot of Agf/

S
__VJ
(E}/ZE) vs. g?-
A A SR
2
AP, _ 3.5(1-N/2)<s >
cl/zt B<V>1/2

1+ 57<v>3 (1-N/2)%¢3 (29)

Linear interpretation of Equation (29) and other‘forms of the modified
Darcy equation (;;) has been the accepted procedure for determining <v> and <§w>
at the Institute. The development of this procedure has enabled clarification of
the relative effects of beating (29) and cooking (15,16) on the hydrodynamic
properties of pulps as well as contributed to the basic understanding of water
removal from fiber mats (31). Equation (29) appears to be in widespread use

throughout the paper industry and currently represents the best available method

of determining <§w> and <v>.
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Alternative procedures for the hydrodynamic evaluation of specific surface
and swollen volume as functions of pressure have been presented (41,42). These
procedures, however, involve an invalid assumption. fhé procedures and assump-
tion are discussed in the section on’Feasibility of Determining §w and v as

Functions of Pressure.




24
EXPERIMENTAL PROCEDURES
ISOLATION OF FIBER POPULATIONS

A two way fiber classification scheme was developed; it is capable of
separating a large amount of wood pulp fiber into earlywood and latewocod fiber
populations of varying length. A bleached southern pine kraft pulp was first
separated into earlywood and latewood fiber populations with a Jacquelin
apparatus. The earlywood and latewood populations were then subdivided into
smaller populations of varying fiber length distribution using a Bauer-McNett
classifier. The resulting fiber populations were morphologically homogeneous,

making them a desirable raw material for hydrodynamic evaluation.
RAW MATERIAL

A 2T7-year old medium dense loblolly pine was obtained from a natural even-
aged stand in Union Camp's experimental forest in Effingham County, Georgia.
The tree was 9.1 inches dbh (diameter at breast height), 8l1-feet high, and cut

into 16 5-foot bolts.

The bottom 5 bolts were longitudinally cut (on a sawmill circular saw)
into three sections as shown in Fig. 6 in order to increase the relative per-

centage of Juvenile wood in the sample.

The three sections of each 5-foot bolt were then further divided (by sawing

with an 8-inch circular saw) as shown in Fig. 7.
PREPARATION OF PULP

The chips obtained from the rail portion of the fifth 5-foot bolt were used
in a preliminary cooking investigation to determine applicability of selected

cooking conditions (3).
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Figure 6. Cross Section of 5-Foot Loblolly Pine
Bolt Depicting First Sawing Pattern

CENTER
— BOARD

PITH
REMOVED

R

g———— CENTER

BOARD
]

Figure 7. Cross Section of 5-Foot Loblaelly Pine
Bolt Depicting Second Sawing Pattern

Four conventional kraft cooks were then performed in a batch digester, each
using 900 g (o.d. basis) of chips;selected from the center and slab boards.
After cooking, the chips were washed and disintegrated with hot then cold water
in a pulp washer, and dewatered without fines retention in a laundry centrifuge.
The resulting pulp Was-screenéd on g 0.00Q—inch'slot pulsating screen and

screened yield determined. A representative samplé of the screened pulp was
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removed and kappa number determined according to TAPPI Standard Method T 236 m-60.

A summary of the pulping data is presented in Table I.

TABLE I

PULPING DATA

Active alkali (as Naj0) . = 20.6%
Sulfidity (as Naz0) = 25.0%
Liguor to wood ratio = 4,0:1 ml/g
Maximum temperature = 170°C

Time to maximum temperature = 1.5 hr
Total cooking time = 4.0 hr

PH at end of cook = 12.9

Yield = L6%
Screened rejects = negligible

Kappa number of screened pulp 19.8

For reasons previously discussed, bleaching was necessary. A CEDED bleaching
sequence based on prior experience (IPC unpublished work) was employed. The

bleaching conditions are given in Table II.
EARLYWOOD AND LATEWOOD SEPARATION

The bleached pulp was first separated into earlywood and latewood fiber

populations using the method originally developed by Jacquelin (18).

An electric stirrer was used to gently disintegrate 100 g (o.d. basis) of
the bleached kraft pulp with 10 liters of distilled water. The pulp slurry (1.0%
consistency) was poured into one bowl of the Jacquelin apparatus (schematically

shown in Fig. 1) and rotated for 12 hours at 36 rpm. The rotating agitation
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causes the thick-walled latewood fibers to felt into balls while the,mgrg flexible
thin-walled earlywood fibers remain in the field fraction. The resulting floc

and field fractions were then isolated as follows.

TABLE II

BLEACHING CONDITIONS

First Stage — Chlorination

Chlorine, % 6.0
Consistency, % : 3.1
Temperature, °C 25
Time, min 60
Residual Clz, % of applied 16.2
pH 1.8

Second Stage — Alkaline Extraction

NaOH, % . 2.5
Consistency, % ' 10
> Temperature, °C 60
Time, min 60
pH 11.3
Permanganate number 6.0

Third Stage — Chlorine Dioxide

Cl02, % 1.0
Consistency, % 10
Temperature, °C 70
Time, min 165
Residual €102, % 2.9

Fourth Stage — Alkaline Extraction

NaOH, % 1.8
Consistency, % , 10
Temperature, °C 60
Time, min 60
pH . 11.4

Fifth Stage — Chlorine Dioxide

Cl02, % 0.6
Consistency, % 10
Temperature, °C 70
Time, min 240
pPH 4.6
Standard brightness as received ‘= 89.4%

Yield = 97T%
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Three hundred grams of previously rotated pulp (3 bowls of 100 g each represent
1 run) were poured into a stainless steel tank containing 300 liters of filtered
tap water at 3-5°C. The flocs readily sank to the bottom, but with gentle
agitation the field fibers remained suspended and could be siphoned onto a
muslin-covered wash box. The tank was refilled with cold water and the siphoning
repeated until the amount of field fibers in suspension were depleted to the
point of negligible recovery. The tank was again refilled and the temperature
raised above 15°C. With the addition of heat, the solubility of air in the
water decreased and small bubbles were formed. These bubbles became trapped
in the flocs and carried them to the surface. Without agitation, the field fibers
remained at the bottom of the tank. The floc fibers were easily skimmed from
the water surface, leaving the remaining field fibers to be siphoned onto the

wash box.

The isolated floc fraction was washed to remove adhering field fibers using

the following method developed by Chang (L3).

Ony liter of fiber flocs was poured into a h-liter stainless steel beaker
which had been drilled with 2.5 mm diameter holes at about l-cm spacing. Raising
and lowering the beaker in & large tank of filtered tap water diluted the free fibers
and caused them to flow outward througﬁ the holes, which were too small for the
flocs. The floes were removed from the perforated beaker when the amount of free
fibers being removed became negligible. Aftér all of the flocs had been washed,
the free fibers were siphoned onto a muslin-covered wash box and added to the

field fraction.

Each fraction was then redispersed and reagitated to increase the degree

of separation.

This procedure enabled separation of 30 g (o.d. basis) of pulp into early-

wood and latewood fiber populations each day.
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- FIBER LENGTH SEPARATION

A Bauver-McNett classifier waé used tb'separaté floc and field puip fractions
into fiber populations of varying length. The screen sizes (10, 20, and 65 ﬁesh)
were experimentally determined to yield an optimﬁm amounf of fiber retainéd
(weight basis) as well as to maximize differences in mean fiber length. An uni-
dentified equipment change, detected by percent retained data, resulted in two
groups of on-65 mesh fibers for latewood. The separation, based on TAPPI Stan-

dard Method T 233 su-64 was .as follows.

Ten grams (o.d. basis) of the respective pulp fraction were briefly agitated
(approximately 5 seconds) in a British'disintegrator with 2 liters of water.
The resultant pulp slurry was then added to the first tank of the Bauer-McNett
classifier and classified for 15.0 minutes. Water temperature was 3-5°C. After
classification, the separated fibers were flushed from their respective screens
onto muslin-covered wash boxes. This method permits 30 g of pulp to be separated

each hour.
FIBER ANALYSIS

Standard 1.6 g handsheets wet pressed to 50 psig for 15.0 minutes made from
representative floc and figld fractions were used to monitor the degree of
latewood—-earlywood separation. Representative sections of the handsheets were
coated with a 60:40 mixture of Au/Pd and viewed with a JSM-U3 scanning electron
microscope to obtain a qualitative indication of the degree of separation. No

attempt was made to quantify the degree of separation by fiber counting.

Fiber lengths were determined Qn'samples of not less than 1000 fibers with
The Institute of Paper Chemistry semiautomatic fiber length recorder according

to the method of Illvessalo-Pfaffli and Alfthan (Li).
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Fiber width and cell wall thickness were measured at 210X with a filar
micrometer on samples of not less than 100 fibers. Fibers were wet mounted on
glass slides in a mixture of water and glycerin and covered lightly with a

cover glass to insure that fibers, particularly earlywood, were not flattened.

The number of fibers per gram was determined by directly weighing air dry
samples of 100-300 fibers on a quartz balance accurate to 0.5 x 10°° g and com-

pensating for moisture content.

Percentage whole fibers were determined by counting the number of whole
and broken fibers in representative samples of not less than 200 fibers of pulp
fractions. The fibers were mounted on glass slides in mineral oil and viewed

at 35X.
HYDRODYNAMIC MEASUREMENTS

The hydrodynamic properties of the isolated fiber populations were measured
according to the procedures of wet mat compressibility, constant rate filtration,

and multiple pressure tap permeation.
WET MAT COMPRESSIBILITY

Apparent wet mat density as a function of pressure was determined for each

isolated pulp fraction with the equipment and procedure developed by Ingmanson

and Andrews (29).

A schematic of the equipment is shown in Fig. 3. Prior to each run, the
micrometer was zerced with the piston placed in the empty cylinder. The piston
was then removed and the septum flooded with water from the reservoir. A repre-
sentative sample of a pulp fraction slurried in a British disintegrator at about

0.5% consistency was poured into the tube, stirred thoroughly with a glass stirring
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rod, and.allowed to settle until the fiber level was below that of the overflow .
level. The piston and cover were inserted, and the piston was gently lowered by
hand until it rested oﬁ the loosely formed fiber mat, at which‘pdint it was re-
leased and the foot of the dial micrometér was placed on top of the piston rod.
The mass of the piston aﬁd Piston arm corrected for the buoyancy fordé of the

water formed the first weight.

Fifteen minutes after the micrometer was positioned, the micrometer was read
to obtain the mat thickness. A brass weight similar to the one shown in Fig. 3
was placed on the weight support and after 15 minutes the micrometer was read

again. This procedure was repeated with five additional weights of increasing mass.

After the seventh micrometer reading was recorded the water was drained out
of the tube, piston and cover removed, and the cylinder assembly detached from
the septum. The pad was quantitatively removed from the septum, placed in a

tared weiéhing bottle, dried overnight at 105°C in a forced air oven, and weighed.

Apparent wet mat density, ¢, was calculated as a function of pressure from
the pad weight, Ef, cross-sectional area of the tube, A, and measured pad thicknesses,

L, at various pressures using the following equation:
c == (30)

An identical procedure was used in a second compressibility apparatus. The

mass and water displacement of the new piston head and shéft however, was
greater than that of the original equipment, and although the same brass weights
were used, actual compactlng Pressures dlffered slightly. Pad thickness was

measured with a cathetometer.




-32- .
CONSTANT RATE FILTRATION

The filtration resistance of the separated fiber populations was quantified
with the aid of a research model constant rate filtration apparatus schematically

shown in Fig. 4 using the procedure developed by Ingmanson and Whitney (;;).

Deaerated pulp at about 0.01% consistency was agitated in the feed tank and
permitted to flow through the flow control valve into the filtration tube. In
the filtration fube the pulp slurry was maintained at a constént head while the
pulp fibers ﬁere collected by filtrétion on the septum. A constant filtration
rate was monitored with the rotameter and was maintained by varying the speed of
the geér punp. During the run a plot of time (EJ seconds) vs. pressure drop

(Ef, cm H20) was recorded with a strip chart recorder.

The information obtained from the experiment was used with Equations (22)
and (23) to respectively obtain local and average specific filtration resistance

values as a function of pressure for the samples.

PERMEATION

A multiple pressure tap permeation procedure was adapted from the experimental
techniques developed by Chang and Han (45). A schematic of the equipment is

shown in Fig. 8.

Deaerated pulp was placed iﬁto the feed tank and diluted with filtered,
freshly distilled water to approximately 0.01% consistency. A thick mat was
formed by slow filtration (1 cm/sec flow_rate) and conditioned at 60.0 cm H20
overall pressure drop for 30 miﬂutes by permeation with‘filtered, freshly
distilled water. The permeation was then stopped and the mat allowed to expand
freely for 15 minutes. The process was repeéted until the mat thickness at

60.0 cm H20 remained the same (approximately 5-T cycles). At this point, the
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pressure was measured at different levels in the mat with a pressure transducer

indicator.
) THERMOMETER
F—
: FILTRATION z /,/”
: TANK TUBE , ~
T —ﬂ AP
¥ RECORDER
;F } - MATE |
hd B g 'MANIFOLD
ROTAMETER .
PRESSURE
TAPS

"~ PUMP

Figure 8. Permeation Apparatus

Latewood and whole pulp fiber populations with fiber lengths greater than
2.7 mm would not develop sufficient fluid drag forces to attain 60.0 cm Hy0 overall
pressure drop without the formation of mats of excessive thickness or permeation
velocities which exceeded the limits of laminar flow. To decrease the porosity
(and thus increase fluid drag force) a permeable piston with a static load was

applied to these fiber mats.

After permeation the mat was permitted to expand freely for U45 minutes. A
permeable piston was then placed on top of the mat, and the mat density determined
as a function of static load. From this‘point the compressibility procedure was
identical to that described earlier except a cathetometer instead of a dial microm-

eter was used to measure mat thickness.
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RESULTS AND DISCUSSION
MEASURED AND CALCULATED MORPHOLOGICAL PROPERTIES
FIBER SEPARATION AND DIMENSIONS

The two way fiber classification scheme developed for this work and pre-
sented in the Experimental Procedures section resulted in a series of earlywood

and latewood fiber populations of varying length.

Figure 9 is a combarison of scanning electron micrographs of handsheets
composed of field and floc fractions of bleached loblolly pine after two separa-
tions with the Jacquelin apparatus. The micrographs show the field fraction is
composed of predominantly earlywood fibers which easily collapse into flat
"ribbons," thus forming relatively dense mats with few openings for water to
pass through. In contrast, the floc fraction is composed of predominantly

latewood fibers which form mats of high porosity.

Jacquelin (18) attributed this morphological separation to relative fiber
stiffness. Observations made during this study suggest there is a critical
degree of relative stiffness required to achieve morphological separation. Un-
bleached fibers yielded field and floc fractions which contained no apparent

morphological separation. Only after additional lignin had been removed through

bleaching did separation into earlywood and latewood occur.

Table III summarizes the results of the Jacquelin separation and also shows
the degree of variability encountered in the system. An attempt was made to
compare the variability obtained during this study with that obtained by Jacquelin
(18,46-48); however, data of this type does not appear available in the general
literature. Apparently, this study represents one of the first attempts to

statistically quantify separation data.



-35-

snqaeaeddy utTenboep 9yl £q
suotleaedsg OM] J931JY SUIJ ATTOTQOT PaUOBSTH JO SUOTIOBIY
00T PUe (1J97) PTST4 JO pasodwo) s3o9yspueq jo sUdeISOIOTH UOIFOSTH JUTUUEBOS

‘6 23Ty




_36_

TABLE III

QUANTITATIVE RESULTS' OF JACQUELIN‘SEPARATiON

Quantity
Separated, Relative
Pulp Fraction . g Percent
First Separation _
Floc 9;340.4 57.7 + 3.0%
Field 6,844.0 42.3 *+ 3.0
Total 16,184 .4 100.0%
Second Separationb
Floc+floc 4,418.5 38.1 £ 3.1
Floc*field® 2,h71.2 21.1 t 3.0
Field+floc® 2,716.5 17.1 £ 2.1
Fieldtfield 3,990.8 - 25.2 % 2.1
Total 13,597.0 = - 101.5%'

a'95% Confidence limits.

bQuantity separated and relative percentages are not
proportional since isolation of floc-floc fractions
was terminated after a sufficient quantity had been
separated.

®Field fibers resulting from floc fraction.

dFloc fibers resulting from field fraction.

The table shows that significantly higher percentages of fiber were re-
tained in the floc and floc-floc fractions. This result is in qualitative
agreement with the unusually high amounts of latewood fiber observed from the

cross sections of the unprocessed logs.

The quantitative results of the Bauer-McNett separation are given in Table
IV, along with the mean fiber length, Qf, of each population. In addition,

the variability of results is reported.



=37~

TABLE IV
QUANTITATIVE RESULTS OF BAUER-McNETT CLASSIFICATION

Water Temperature = 3-5°C (Normal Winter Témperature)

Amount . Mean Fiber

‘ . . Retained, Percent Length, Lf,
Pulp Fraction " Screen Size g Retained mm =
Field-field i .
(400 separations) 10 mesh 1592.9 39.9 + 2.5% 3.94 + 0.04%
20 mesh 1k12.1 35.4 £ 2.4 3.05 * 0.03
65 mesh 586.1 14.7 £ 0.9 1.63 £ 0.02
Fines? 1399.7 10.0 + 1.k
Floc-floc -
(450 separations) 10 mesh 1558.6 35.3 = 3.5 4,13 £ 0.06
20 mesh 1256.5 28.4 + 9.0 2.98 + 0.03
65 mesh(I) 1028.0 23.3 2.07 £ 0.0k
65 mesh(II) . 385.5 8.7 1.74 *+ 0.03
Fines?P 197.9 4.5 £ 2.0
Whole pulp ,
(150 separations) 10 mesh 531.7 36.3 + 0.7 3.88 + 0.03
" 20 mesh , 607.1 . b1,k = 2.4 2.76 = 0.0k
65 mesh 300.3 20.5 £ 1.9 1.49 + 0.01
FinesP 25.9 1.8 £ 3.9

®Arithmetic mean * 95% confidence limits.

bDetermined by difference.

che oy
RN A

Fines loss for field-field was.fouhd to be significantly higher than for
other fractions. This higher loss was anticipated since ray cells and other

parenchymal tissue fragments would concentrate in this fraction.

The Qf

values for fibers retained on 10, 20, and 65 mesh screens are signifi-
cantly different as graphically depicted on the histograms of Fig. 10-12. The
histograms alsc show that the lengths of the fibers retained on the various

mesh screens follow an approximately normal distribution function, thus supporting
the choice to use arithmetic means in Table IV to describe mean fiber length.

In addition, the histograms reveal that fibers retained on the 65 mesh screen
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Figure 10. Fiber Length Distribution for Field Fraction Retalned
,on 10, 20, and 65-Mesh Screens ‘



-390~

“(on 65 MESH) LATEWOOD FIBER
| | | POPUL ATIONS
12.5
(on 20 MESH)
0.0 (on 10 MESH)
2 m
).T 3
g 75
Z
s |
Q
w
T 50
2.5
0 ) \ 4 5 6

FIBER LENGTH, mm

Figure 11. Fiber Length Distribution for Floc Fraction Retained
.on 10, 20, and 65-Mesh Screens. Douhle Peak for 65-
Mesh Screen Described in Text
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Figure 12. Fiber Length Distribution for Whole Pulp Retained
on 10, 20, and 65-Mesh Screens
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have a narrower length distribution; this is reflected in the 95% confidence

limits.

Figure 13 is a comparison 6f scanning electron micrographsﬁbf hanasheets
composed of latewood fibers Wi@h.respective mean fiber lengths of’i.Th and 4.13 mm.
As previously reported by Dinwéodie (gg), the micrographs show porosity increases
with increasing fiber length. 1These dﬁalitative results cénibe extrapolated to
wet fiber mats; i.e., mafé meposed of short fibe;s should eihibit lower porosity
than mats of long fibers of comparable‘wéll fraction because éhorp fibers, which

are also thinner, pack tighter.

The measured morphological pfoperties of the isolated fiber populations

are summarized in Table V.

An additional indication of the separation into earlywood and latewood is
given by the data on wall fraction, which was calculated from fiber diameters,

gf, and wall thicknesses, WI. The wall fraction of 30-32% for earlywood compared

w;£h 62-68% for latewood-fiber fractions'(resulting in fibens thaﬁ‘are.readily
and less readily flattened as shown in Fig. 9) defings»twoldistinétvééfs of

" fibers. Wall fraction daﬁa ;re in agreement With tﬂaf cal;ﬁlated from previously
reported fiber width and thickness measurements for loblol;y pine (2}. Earlywood
and latewood are further‘spbdivided in Table V,accordiﬁg ﬁo'Lf. The range in

L, of 1.6-3.9 mm for earlywdod is about comparable with that of .1.7-4.1 mm for

latewood and also agrees with values previously reported for loblolly pine (2,3).

It is virtually impsés;ble tsxéhip, ﬁulp, bleach, éﬁd isolate wood fibers
without imparting some physical damage to"fhe fibers.’.Howéver, gréat care was
taken during fiber.isolation procédﬁres to mihimize'thé dégree of.damage. Table
V shows that in both sets 50 to over 80% of the fibers were whole. Therefore,

it was expected that the isolated fiber populations show similar variation in
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fiber dimensions to that previously described for the tree. The increases in
fiber width and cell wall thickness observed for earlywood and latewood fiber

populations correspond to the increases in mean fiber leﬁgth as expected.

In summary, the major variations iﬁ fiber characteristics and in the wall
fraction for between-sets and in mean fiber length for within-sets of earlywood
and latewood. However, within-sets, increases in fiber width and wall thickness
accompany increases in mean fiber length. For convenience these joint trends

will generally be referred to and indexed in terms of mean fiber length.

NUMBER OF FIBERS PER GRAM

The measured number of fibers per gram, n decreases as ; and WT

o 0 %

increase for earlywood and latewood fiber populations, and the values observed

'

agree with calculated values of 10.3-13.3 and 6.9-10.0 x 105, respectively,
reported for earlywood and latewood fibers isolated from southern pine (50).

Changes in D, were also predictéd by assuming a circular cylindrical model to

calculate the volume of the fiber wall, yw:
2 2
V. = L e B Wr (31)
W f 2 2

The number of fibers per gram can thén be calculated geometrically, Bogs using
\w

Equation (32) with an assumption of a fiber wall density, for bleached

pK’
loblolly pine earlywood and latewood:

ngg = 1/, o) (32)

Unfortunately, values for pw are difficult to obtain experimentally and do not
appear a&ailable,in the general literature. However, calculated values for pw

of 0.27 and 0.36 for earlywood and latewood, respectively, were obtained to allow
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to agree closély with n. in Table V. They are in the range of 0.29 and 0.63,

2rg 2r

respectively, reported for extracted swollen earlywood and latewood (51).
CALCULATED MOMENTS OF INERTIA

Moment of inertia, I, has been shown in a previous sectioh to be an important
fiber property influencing the behavior of wet mat compressibility [Equation (18)].
Since I is a function of fiber dimensions, it may be calculated from the data in
Table V with the assumption of an appropriate fiber model. Thus, I might be ex-
pected to correlate with compressibility data to gi;e some insight of the effects

of morphology on compressibility. -

Choice of an appropriate model for calculation of I is critical because
I is also a strong function of cross—secfional shape. Fof-this reason two
fiver models are presenfed in Fig. 14: the upper model represents the fiber
cross section as circuiar with the lumen uncollapsed; the lower ﬁodel repre-~-
sents the fiber cross section as flattened into a rectangular shape with the
lumen comﬁletely collapsed. Both models are based on experimentally measured

fiber dimensions.

Although the modéls are a gross oversimplification of the real system,
they enable calculation of trends in relative I-values for fibers in the

collapsed and uncollapsed state.

 Assuming the fiber wall is homogeneous and of uniform mass distribution,

moments of inertia for the circular, , and flattened, lF’ cross sections may

=
be obtained from Equations (33) and (34) which have been derived from the

elementary principles of mechanics:




where r, = 92/2 and r, = (

Calculated values for lC and I_, are presented in Table VI and are related to

fiver length in Fig. 15.

T

|« dg » WI
W +

y WIT

¥ 4

Figure 14. Scale Drawings (1000X) of Assumed Fiber Cross Sections
for Calculation of I Comparing 3.94 mm
Earlywood (Left) and 4.13 mm Latewood

Both ;C and IF increase with increasing Qf in expected agreement with corre-

sponding increases 1n~g£_and WT. lg_ls greater in all cases than IF because

the wall material is distributed further from the central axis of the fiber

when the fiber is not collapsed.

It is interesting to note that lC for earlywood is about 2 to 2.5 times larger than

that of latewood and that this trend is reversed for I_. Logically, the trends of the

_F‘

flattened fiber model (I_) appear more reasonable; especially since in bending studies

iy
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of southern pine pulp fibers under water, latewood was shown to be five times
stiffer than earlywood (zg). This stiffness or flexural rigidity is a measure

of the product, EI.

TABLE VI

CALCULATED MOMENTS OF INERTIA

2 o a 8 b 8
;2, gi_x 10°, WT x 102, lg_ x 10°, EE_ x 10°,
mm mm mm mml' m:m'*
Earlywood
1.63 3.99 0.59 9.4 0.6
3.05 .50 0.73 15.9 1.2
3.94 L.96 0.80 23.5 1.7
Latewood
1.74 3.24 1.00 5.3 2.2
2.07 3.41 1.13 6.6 3.3
2.98 3.57 1.18 7.9 3.9
4.13 3.70 1.26 9.1 k.9

aCalculated from circular cross-sectional model.

Calculated from flattened cross-sectional model.

Data for the elastic moduli of wet southern pine pulp are not available,
but in general elastic moduli of latewood are greater than earlywood and E increases
with increasing fiber length (10-1k4,23-25). However, there is no evidence to in-
dicate that E is sufficiently low to compensate for the high moment values associ-
ated with the circular model. Therefore, on the basis of these studies (10-1k,
ggpgg), it gppears that the flattened fiber model may be more applicable to an

understanding of fiber bending, whereas the circular model is more representative

of the experimentally measured fiber dimensions.
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Figure 15. Relationship Between Fiber Length and Moments of

Inertia for Circular, I,, and Flattened, I_, Models
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CALCULATED SURFACE AND VOLUME TO MASS RATIOS

The information obtained in Table V can also be used to calculate an
approximate surface:to mass ratio, §WG’ and'vqlume to mass ratio, XG’ for a
- fiber population assuming a pircular cylindrica% model to describe fiber shape
as before. Since surface and volume to mass ratios are important hydrodynamic
properties [see Equation (29)], calcuiations of this type will indicate the

manner in which the morphological factors may be expected to influence hydro-

dynamic pfoperties.
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The model equations developed for §WG and XG are represented by Equations

—_—

(35) and (36), respectively. ;

Syg = T dp Lf n (35)

WG f

= 2
v = T a2 L, n/h (36)

In Equation (36) ¥, represents the total volume of the fiber-wall volume plus

lumen volume.

§WG and Ya values for earlywood and latewood fiber populations are presented

in Table VII.

TABLE VII

GEOMETRIC SURFACE- AND VOLUME-TO-MASS RATIOS

. Mean Fiber §WG’ a2
Length, mm em?/g em /g
Earlywood
1.63 4385 (7347)% 4.37 (7.33)%
3.05 5890 : 6.63
3.94 5771 S T.16
Latewood -

\ 1.7h uoé6 3.26

| 2.07 3766 ‘ 3.21

\ 2.98 3716 3.32

} 4.13 3290 : 3.0k

a .
Calculated using Dege

As mean fiber length increases, §WG decreases for the latewood fiber popu-
lations. A similar trend is expectéd for earlywood, but is not observed because

§WG for the 1.63 mm fiber population appears sbnormally low. Experimental inac-

curacy in the measurement of gf, Lf, or n, could conceivably account for this
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abnormality. Calculation of a value for §WG which is gréater than 5890 cmz/g

for this fiber population, through systematic variation of each-of these fiber
properties, reveals that experimental error could have reasonably occurred only

in determination of n_,. The value in parenthesis uses in Equation (35) and

=f 16

demonstrates the expected trend. Also in Table VII, earlywood fibers have

higher §WG values than latewood.

Values of Yo for earlywood fiber populations are also higher than those
for latewood but are not within the range of 1 to L cm3/g usually observed by

measuring volume to mass ratios by filtration analysis (32).

The abnormally high value for earlywood may be a result of the change in
swollen volume of the fiber with pressure. Fiber measurements were made on fibers
with essentially circular cross sections, and the model reflects this cross-

sectional shape in calculation of v,. Earlywood fibers, however, have thin cell

I

walls and are more likely to collapse under pressure. Collapse of the fibers
would cause expulsion of water from the lumen and subsequently lower the volume
to mass ratio. On the other hand, thick-walled latewood fibers probably retain

much of their cross-sectional shape under pressure.

Fiver collapse may cause a slight increase in surface to mass ratio as the

fiber changes from circular to elliptical in cross section.
FIBER MORPHOLOGY AND WET MAT COMPRESSIBILITY.

COMPRESSIBILITY CONSTANTS M AND N

Initial compressibility constants for the various morphological fiber
fractions described in Table V were obtained from linear regression of log-log
plots of wet mat density, ¢, vs. statiC‘load,_Ef, using the log form of Equation

(2) in which the <, term is neglected:
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log ¢ = log M + N log P (37)

f

The data and resulting best fit curves.(solid line) for earlywood and latewood
fiber fractions aré presented in Fig. 16 and 17, respectivély. The original data
are presented in Appendix I, and applicability of Equation (37) to the data may
be visually confirmed from these figures. Calculated values for the initial
slopes, Nj, and intercepts Mi, are tabulated in Table VIII and are within the

range of values previously reported by Han (9).

TABLE VIII

VALUES FOR COMPRESSIBILITY CONSTANTS N AND M

Les . M; x 103, . M x 103,° 5

mm Lﬁ/éf. N, c.g.s. units®™ N c.g.8. units
Earlywood )

1.63 40.9  0.361 * 0.005%  2.02 * 0.01¢ 0.373  1.79 + 0.019

3.05 67.8 0.390 * 0.010 1.43 + 0.02 0.373 1.70 % 0.02

3.94 79.4 0.376 * 0.015 1.61 + 0.03 0.373 1.66 * 0.03
Latewood

1.7k 53.7  0.373 £ 0.017 1.65 * 0.03 0.373  1.64 * 0.03

2.07 60.7 0.376 * 0.018 1.55 * 0.03 0.373 1.60 % 0.03

2.98 83.5 0.363 + 0.013 1.73 + 0.02 0.373 1.56 % 0.02

4.13 111.6 0.366 % 0.019 1.69 + 0.03 0.373 1.57 + 0.03

aLinear regression of individual fiber populations.
b N

(g/cm®)/(dynes/cm®)=.
cMultiple linear regression of total earlywood and latewood data, confidence
limit negligible (0.0003) due to large sample size.

d95% confidence limits.
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Figure 16. Compressibility Data and Resulting Best Fit Curves
for Earlywood Fiber Fractions; Solid Line (Labelled)
Corresponds to ¢ = Mlggl, Broken Line
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Figure 17. Compressibility Data and Resulting Best Fit Curves
for Latewood Fiber Fractions (as in Fig. 16)
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Although the M; values were determined statistically, they are sensitive
to the exa&t positioning of the slope (or Nj value), and normal yériability in
the experimental data results in uncertainty over what slope shopld be used.
This uncertainty is manifested by the lack of correlatidn of M with fiber di-
mensions. Assuming the compressibility model, Equation (18), is applicable to.
wood pulp fiber systems, a more tenable result would be an observed correlation

between M; and L. in Table VIII [since M in Equation (18) is a function of

des
I, and E, and increases in each of these fiber properties correspond to increases-
in Lﬁf M should also correlate to qu.

Also on the basis of Equation (18), N
would be expected to remain éssentially constant with respect to.changing fiber
dimensions. This contention is supported by previous work in which beating and

high consistency refining did not-influence N values appreciably (9).

Since N; does not correlate with fiber dimensions (Table VIII) and in view
of Equation (18), N values for earlywood and latewood were assumed cbnstant to
facilitate further data analysis. Incorporation of the logs of the earlywoodt
and latewood mat density vs. pressure data of Appendix I into a simultaneous
linear multiple regression analysis in which the same value of N is assumed for
every group (2;,2&), gave an overall adjusted value of N equal to 0.373 as well
as an individual value of.M_for each fiber population. These values correponded
to the weighted averages computed for separate independent regression rﬁns.

The results of this regression analysis ére reported as N and M in Table VIIT.
Visual confirmation of the applicability of N and M to the experimental data is
provided by the broken lines in Fig. 16 and 17. On the whole, respecfive values
for N and M fit the data extremely well and in most cases the broken lines

superimpose the solid lines calculated from N; and M;.
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COMPRESSIBILITY

Further evidence that N is essentially constant for the fiber populations
results from defining compressibility as the change in mat density with pressure,

i.e., dg/dgf, which represents the slope at a given pressure for plots of ¢ vs.

Er

e - g_-M Po = g— ¢ (38)
£f °f f

From Equation (38) for a given pressure, dg_/dgf is expected to be proportional to
¢ and M if N is essentially constant. ‘Table I;.shows dg/dgf remains practically
constant at Ef = 10 and 90 cm H,0 for earlywood énd latewood fiber populations
regardless of whether N, and M; or N and M are used in the calculation. However,
only ﬁhen N is constant for the fiber populations is d_c_/dgf proporﬁional to M at

a given pressure. Hence, this mean value of N is believed more generally appliable
to the experimental data than the indi#idual initial values. Since for any two
fiber fractions studied it would not necessarily be established that g_caﬁ be
treated as constant, d_g_/dgf provides a more reliable indication of relative com-

pressibility than the coefficient "M."

From Table IX it is observed at P, = 10 cm Hy0 that the compressibility of
earlywood fibers'is.éreéter than-the compressibility of latewood. Also as fiber

length increases, compressibility decreases for both earlywood and latewood

90 cm H0 the compressibility of the mats has greatly

fibver populétidns; Af

b

10 em H203 but differences between earlywood, late-

diminished relative to P,

wood, and fibérilengths are still present albeit they are not as great.
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TABLE IX
COMPRESSIBILITY VALUES, dg/dgf, FOR MATS OF EARLYWOOD AND LATEWOOD
FIBER FRACTIONS KT Bf = 10 AND 90 cm H,O0
E£.= 10 ecm H20 gﬁ.= 90 cm Hy0
8 g, a .
Mean Fiber (ds/dgf)l (dE/dgf) (dQ/dEf)1 (dg/dgf)

Length, mm x 107 g/cm-dyne x 107 g/cm-dyne x 107 g/cm-dyne x 10’ g/cm-dyne

Earlywood
1.63 21.0 21.0 5.0 5.3
3.05 20.5 19;9' 5.4 5.0
3.94 19.6 19.5 4.9 4.9
Latewood
1.74 19.3 19.2 4.9 4.8
2.07 18.9 18.8 4.8 L.7
2.98 18.1 18.3 L. L 4.6
4.13 18.3 18.4 4.5 4.6

aCa.lculated using N; and M;.
bClacula.ted using E_and M.

WET MAT DENSITY

The systematic correlation of wet mat density and the major morphological
variations represented by differences in wall fraction of earlywood compared
~with latewood and mean fiber length is shown in the three dimensional diagr;ﬁ
of Fig. 18. For clarification of trends, tabulated values are presented in
Table X and agree with results found earlier for first coméression of loblolly
pine latewood (5). Mat densities and éressures are interpolated values based
on N and M as in Table VIII. The computer progfam used to develop the three-

dimensional plot is given in Appendix ITI.
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TABLE X
INTERPOLATED WET MAT DENSITY,
G/cc '
Pressure, FEarlywood Fiber Pc';pulationsa Latewood Fiber Populationsa
cm H0 1.63mm 3.05mm 3.94% mm 1.74 mm 2.07 mm 2.98 mm 4.13 mm
10 0.0552 0.0524"  0.0512 0.0505 0.0493  -0.0481 0.0484
20 0.071L 0.0679 0.0663 0.0655 0.0639°  0.0623 0.0627
30 0.0831 0.0789  0.0771 0.0761 0.07T43 . 0.072k 0.0729
40 0.0925 0.0879 0.0858 0.0848 0.0827 0.086k 0.0812
50 0.1006 0.0955 0.0933 0.0921 0.0899 o.oSTS - 0.0882
60 0.1076 0.1022 0.0998 - 0.0986 0.0962 o.oé38 " 0.09kk
70 0.1140  0.1083  0.1057 0.10k4  0.1019  0.099%;  0.1000
80 0.1198 0.1138 0.1111 .. 0.1098 0.1071 0.10k44 0.1051
90 0.1252 0.1189 0.1161 0.114k7 0.1119 o.109} 0.1098

Mean fiber lengths.

The figﬁre, although complex in éppearance, is not difficult to analyze
if one imagines it represents a box. Concent;ating on the base o; the box, the
two horizontal lines (one in back and one in front) represent the pressure
axis with pressure increasing from left to right as indicated;: Ehe two shorter
lines forming the sides of the ﬁase are the fiber length axis ;i£h mean fiber
length increasing from back to front. Wet mat density is refresented by vertical
distances from the base. Notice that wet mat density and préssure axes are loga-

rithmic whereas the fiber length axis is linear.

Separation of the two plahes-is associated with wall fraction differences
of earlywood compared to latewood (Table V), and reflects the ability of the
more easily collapsible earlywood fibers to form mats of higher density. The

planes are parallel because of the siﬁgle value for N.
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The trend of decreasing mat densities with increases in mean fiber length
is shown by the tilting of the planes. Note that at all pressures in Fig. 18
or Table X, interpolated mat density is greater for smaller fibers, for which
there are more fibers per gram (Table V). Probably greater density arises be-
cause smaller fibers cause a decrease in segment length, Ls’ and thus increase

the number of contacts, n.» in the mat [Equation (6)].

The morphologically ranked M values may be visualized as resultitg from the

extrapolation of the two planes in Fig. 18 to log = 0 em H20, But, if N had

Er

not been smoothed, the calculated M values would have been appreciably different

as indicated in Table VIII.
CORRELATION OF M AND FIBER DIMENSIONS

Latewood fibers with their characteristic high wall fraction and near circular
cross section closely resemble the shape of the more intensively studied circular
synthetic fiber systems. Therefore, a comparison of the mat density response
to latewood fiber shape (length to diameter ratio, Lf/gf) with that of a synthetic
fiber system may indiqatg, at least partially, the extent to which the two systems
are similar. Such a comparison is made in Fig. 19 between latewood fiber popula-

tions at Ef = 50 and 90 cm H0 and Nylon at Ef = 50 and 100 cm H0.

The figure shows that the mat density response to L_f/g_f for the two fiber
systems 1s similar. Toward low axis ratios the curves for both latewood and Nylon

fibers at comparable pressures begin to rise rapidly, while at high axis ratios

the mat density appears to remain constant.

With N constant for the fiber populations in this study, the effects of
pressure may be eliminated from Fig. 19 by plotting fiber dimensions vs. compres-

sibility constant M. Figure 20 compares correlations of M with Qf/gf as well
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NYLON FlBERS
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Figure 19.

Comparison of Latewood to Nylon Fibers
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aé mean fiber length, Lf, for earlywood and latewood fiber populations; and as
anticipated the shape of the M vs. L_f/g_f curves are similar to that already

discusséd for Fig. 19. However, in Fig. 20, notice the comparable correlation

of M and‘Lf. This is believed to result from the greater complexities of the .

natural fiber system in which variations in fiber diameter are biologically

linked to changes in fiber length (Table V).

e Li/dg
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.—r ) i | ] 1 [ ) T T
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Figure 20. Compressibility Constant, M, vs. Fiber Length to
Fiber Diameter Ratio, Lf/d , (Upper Curves)

and Fiber Length, i%, (Lower Curves)
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As noted in development of Equation (18), the distance between points of
contact in a fiber mat (segment length) is an important property of the mechanism
of compressibility (2). The flat region of the curves in Fig. 20 corresponds to
a condition in which the fiber length is sufficiently long so as to insure con- | -
stant segment length. However, below 8 certain point, -segment length will de--
crease with decreasing fiber length (6). 'Lower segment lengths cause higher

mat density (9), and in this case the higher values of M observed at low L.

The separation of the curves for. earlywood and latgwooq}éqrrésponds to
differences in wall fraction, 32 vs. 66%, respectively. Using Equation (18) as

a guide, this separation could be due to differences in

gf, I, and/or B, since:
a 4] 1/ 3
; f .
, Melgr| o (39)

Attempts to correlate M with 4, and (gf“/l)l/a.failed to give meaningful results

in agreement with studies.by Jones (5) in which wet mat compression response

was found to be independent of fiber diameter.

In view of the lack of correlation with gf and (

of wood pulp, it -appears from Equation (39) that fluxural rigidity (EI) is the

Qf“/l)l/éAin‘compressibility
prominant fiber property contributing to the separation of the two curves in
Fig. 20. In order to fully interpret fluxural rigidity initerms of .fibver

dimensions, the moduli as well as the moment of the fibers must be known.

Wood pulp fibers are anisotropic, and the mechanism of bending, which is
complex, involves more than a single modulus of the fiber wall. However, from
the literature previously cited it is reasonable to expect that the elastic

moduli for fiber bending would behave similarly to lF in Fig. 15. On this

basis and Equation (39), M would be expected to correlate with (1/E )1/3.

Iy
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Since modulus values were not measured for -the fiber populations studied, and

cannot be quéntified'fromlthe literature, a plot of M vs. (l/_I_F)-l/3 is presented

in Fig. 21.

N
©

MEAN FIBER LENGTH
EARLYWOOD LATEWOOD

L
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Figure 21. Plot of M vs. (l/I )1/3 for Earlywood and -Latewood

Flber Fractlons

Amazingly, this figure reveals a straight line essentially connecting

the seven fiber populations studied.®

* A constant area model based on the circular fiber model was also used to calculate
lF' When plotted with M a 51mllar curve with a slight increase in the scatter of

the data was obtained.
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In view of the simplicity of .the models involved,. this result is quite -
significant; first, it supports bending as the dominant mechanism in compressi=:"
bility of wood pulp; and second, it suggests that the wood pulp fiber is essefiti-
ally flattened prior to bending. Since lF is predominantly a function of wall
thickness (Equation (34)], it appearslin a wood pulp fiber syéfem that the
relative compressibility of a wood pulp fiber mat is primarily influenced by -
fiber bending which in turn is governed by thé thickness of the fiber.walls,‘
and to a lesser éxtent by the fiber diameter. These results do not imply, however,

that modulus is not sharing at least an equally important role in the mechanism

of wood pulp compressibility.

Not that decreases in M in Fig. 21 alsoc relate to an increase in mean fiber
length (pyramids in circies) or earlywood and latewood (open and closed symbols,
respectively). The relationship of M with these morphological'factors corre-
sponds to observations on the increase in relative elastic modulus of earlywood
and latewood in twenty successive growth rings of loblolly pine (l;). Furthermore,
. this modulus ,for latewood was higher than thaﬁ for earlywood by an amount about
equal to the ipcrease associa@ed with growth. Growfh, in turn, is accompanied
by an increase in fiber lengfh, Qith some trénd; téward increase in fiber width
and wall thickness, particularly during the early decades of growth (21). Thus,
the trend of chaﬁges in M_witﬁ changes in mean fiber length of earlywood and

latewood tends to parallel previously reported changes in elastic modulus of

earlywood and latewood in successive growth rings.

1/ 3

The observed correlation of M with (l/lF) also corresponds to high corre-

lations of apparent axial modulus with fibril angle 'and fiber length (11,23,2h4).
As longer fibers are formed during successive years of tree growth, fibril

angle with respect to cell axis decreases [Equation (1)]; fiber axial modulus

increases, and, on the basis of this study, M decreases.
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Differences in M_beﬁween thg earlywood and -latewood fiber fractions is also
supported by elastic modulus data (10-12,14). Relatively large differences were
observed between the axial modulus of latewood compared with earlywood and also in

the collapse force of wet fibers. Differences in the transverse modulus between

earlywood and latewood were not as great.

It may be interesting to notice that these differences between earlywood and
latewood are visually supported by Fig. 22 ﬁhich compares actual oven-dry éamples
of mats of'comparable weight and mean fiber length previously subjected to compres-
sibility experiments. The earlywood fiber mat is of significantly higher density
than would be expected from Fig. 20. This 1is probably a result of the irreversible
" collapse and subsequent conformability of the earlywood fibers and subsequently

less springback due to lower fiber stiffness.

Figure 22. Comparison of 3.98 mm Earlywood (Left) and 4.13 mm Latewood
Fiber Mats of Comparable Weight After Compressibility Experiments.
Pad Diameters are Approximately 3 Inches
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MATHEMATICAL PROCEDURE FOR DETERMINATION OF -
DERIVATIVES FROM CURVES OF EXPERIMENTAL DATA

During the course of data analysis, it is often desirable to fit a smooth
curve as closely as possible to a set of experimental. points. This is hand drawn
(with a conventional French curve or similar aid). However, unless the curve

is linear, the mathematical expression describing it is unknown.

One method of obtaining a mathematical expression to fit the data has been
to use conventional statistical procedures. These procedures, based on least
squares analysis, force-the best linear, quadratic, cubic, or quartic expression
to the experimental points. Unfortunately, plots of the experimental points and
curves of the best fitting mathematical relationships are not always in close

agreement over the entire range of data.
A review of the literature revealed that an equation of the form:
¥ = bo + bix" + bax" (40)

has the capablllty of accurately flttlng a w1de varlety of regularly curved plots

of experlmental data (55). ' : A o

By combining the least squares’ approach used in conventional statlstlcs w1th‘
the versatile curve-fitting propertles of Equation khO), a computerlzed method of
accuratelypoescribing experimental data points mathematically was developeo.

This accorate mathematical description was easily differentiated, yielding a
derivative of a curved plot of experimental data. Derivatives of this form T

were essential in solving many of the hydrodynamic equations.

LEAST SQUARES SOLUTION OF y = by + bix® + bax—

. "‘ 3 D lJ)J)'
The é%nventloﬁal least squares approach was used to fit experimental data

to the form of Equation (40).
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Let dependent variable and f = gpproximation to the dependent variable

= i
m
2
s

= hﬁ + bl h

lJﬁw

Then the square of the difference is:

il

) [%; - 2boy} - 2bixyy; - 2bax;yi + b + Zbobix; +

[ 2]
n

n

2bob2x? + b§x§¢ + 2b1b2x x + bzxzn (41)

The conditions of a best fitting curve are achieved when S is minimized. This
minimum occurs when the partial derivatives of S with respect to the five unknowns
(bos b1, b2, m, and n) in Equation (L41) are zero. The result is the respective

normalized Equations (42a) through (42e).

Zyi = Nbg + b;Zx? + ngxg (boa)
le;.lyi = bozxi + b12X§m + bzzxxjr_lx?: (hoop)
ZXEyi = bozx? + b12x?x? + bzzxin (h2c)

m
inyiln(x.)

i bOZX?ln(xi) + b12x§m1n(xi) + bzzx?x?ln(x.) (42q)

1

1}

Zx?yiln(xi) bQZXEln(xi) + b;Zx?x?ln(x + bZZx In(x 1) (L2e)

To obtain values of bg, bi, b2, m, and n, this nonlinear system of normalized
equations was solved simulténeoﬁély. The procedure used has been presented by
Nelson (56), and the mathematical method employed is based on the truncation of a

Taylor's expression. The procedure is detailed below.

Let the five normal equations be respectively represented by Equations (43a)

through (43e):

F(bO’bl ’b23m9n) =0 (’433-)
G(bo,b1,b2,m,n) = 0 (43b)
H(bOsblabZ’m’n) =0 (]43C)
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n m n
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- Ixjy; [1n(x)]?

b12x?x?[ln(x.)]2 +

- Jxiy, [1n(x)]?




-70-

and let the displacements be defined as:

Sbg = by - by

1

Gbl b1 - bl

8by = by - b2

Bi

dm = m -

Bl

dn = n -

where bp, bi, EZ, i; and i:represent arbitrary first estimates of by, b1, b2, m,

and n, respectively.

A truncation of Taylor's theorem can then be applied to yield the following

linearized equations:

£18bg + £,8b; + £38by + £4,6m + £58n = — F(bg,by,b2,m,n) (bla)
g16bg + g26b) + g36by + gudm + gsén = - G(bg,by,by,m,n) (Lhp)
h16by + ha8b; + h3lb, + hydm + hsén = - H(bg,b1,bz2,m,0) (Lhe)
118bg + 126b; + 136bs + 148m + is56n = - I(bgsb1sbzsm,n) (khd)
J18bg + J20b; + J36b2 + Julm + jsbn = - J(SE;ET;EZ;Q;H) (kke)

Using Gaussian elimination, Equations (4lha) through (Lhe) can be solved
simultaneously for bg, bi, b2, m and n. The displacements are then calculated,
. respectively added to the initial estimates (5;; EI} E;, i; and E) to form a
revised estimate, and the equations resolved. Values for bp, b1, b2, m, and n

are obtained when the displacements becéme negligible.

COMPUTER PROGRAM

This numerical procedure has been incorporated into the computer program used
to calculate local specific filtration resistance (next section) and is presented

in its entirety in Appendix III. As written, the program requires the user to
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estimate initial values of bgs b1, b2, m, and ' n. Initial estimates of by, b1, and
b2 are relatively unimportant and may be assigned a value of 1.0. Initial

estimates of m and n, however, are important. The number of iterations, and sub-
sequently the time required for program exécution, is greatly reduced if estimates

of m and n are close to solution values.

More than one combination of vélues for bg, b1, b2, m, and n will satisfy
the conditions for a solution. Therefore, the user must be cautious in using
the accurate mathematical description of his data derived from this program

in the development of theories.

If desired, output is computed which can be plotted. A plotting program

used to plot the output is listed in Appendix IV.

The use of the program is exemplified in the sections on filtration

resistance.
FIBER MORPHOLOGY  AND SPECIFIC FILTRATION RESISTANCE

Specific filtration resistance obtained from constant rate filtration
experiments . may Be calculated for either average, <R>, or local, R, values by
using Equations (23) or (22), respectively. The physical difference between
these two values is that <R> represents an average filtration resistance for
the whole mat during formation, whereas R represents the filtraiton resistance
of a small but measurable section immediately above the septum. Since there is
a pressure gradient throughout the mat. (caused by the frictional force of the
water as it flows around the fibers), <R> may be considered related to this

gradient, whereas R is more closely related to the actual pressure drop measured.

Values for <BR> and R were calculated for various pressures from averaged

pressure vs. time data using the computer program listed in Appendix V; the
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output for earlywood, latewood, and whole pulp fiber populations is presented
in Appendix VI. Values are lower than those reported by other researchers for
unbeaten softwood pulps (;Q,gg) due to the lack of fines and fibrillations in

the fiber systems.
AVERAGE SPECIFIC FILTRATION RESISTANCE

The systematic correlation of avérage specific filtration resistance and
the major morphological variations represented by differences in wall fraction
of earlywood compared with latewood and mean fiber length is shown in Fig. 23.
Values are based on at least triplicate runs for each of the fiber fractions and

the 95% confidence limits were *2 to 815% of the means (AP_ = 50 em Hy0) which

Eﬁ
ranked from 6.80 x 10° cm/g for the longest latewood fibers to 30.48 x 10°% cm/g
for the shortest earlywood (Appendix VI). It is evident from the figure that

at a given pressure, populations of thin-walled earlywood fibers (top plane)
attain higher <R> values at pressure drops between 10 and 90 cm HEO than do the
populations of thick-walled latewood fibers of comparable length, and, <R> in-
creases as fiber length decreases for either earlywood or latewood fiber popula-
tions. Values for whole pulp data which are not displayed but may be obtained
from Appendix VI fall between the earlywood and latewood planes, and analysis
has shown thet the higher percentage of latewood observed in the whole pulp
(Table III) is reflectedAin the proximity of the whole pulp values to those of

latewood.

These changes in average filtration resistance with fiber morphology may
best be explained by qualitative analysis of the geometry of the fibers. Slight
rearrangement of Equation (29) results in.an expression for <B} in terms of its

components, average specific surface, and average specific volume, <v>,

<.

as well as mat density, c:
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Figure 23. Log-log Plots of Average Specific Filtration Resistance vs.
Pressure with Mean Fiber Length of Earlywood and
Latewood Plotted Linearly on the z-Axis
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<R> = <G >2 r3.5 (1=N/2) ¢!

L e

[1+ 57 <> (1-N/2)6c3]‘( (45)
J

From Equation (45), <R> is observed to be proportional to <§W>z (a point discussed
in detail in a later section). Table VII has already shown that the geometric
surface to mass ratio, §WG’ increases significantly as fiber length decreases.

The corresponding increase in <R> is in accord with this finding.

S

The data presented in Table V show that the thinner-walled earlywood fiber
populations are composed of fibers of grsater width and generally lower mass than

latewood fibers of comparable length. Thus, higher geometric surface to mass
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ratios are expected for the earlywood fiber populations, and on this basis so

are the higher values for <R>. Qualitgtively, this comparison may be- visualized
from Fig. 24 which compares identically formed hapdsheets of longest and shortest
earlywood and latewood fiber fractions. By observation, fiber surface area per
unit of mat exposed to fluid flow is highest for the 1.63 mm éarlywood and lowest

for the 4.13 mm latewood fibers. ' o "

The increase in <R> with increasing pressure droé also varies sighificantly,
the greatest percent increase being for the smallest earlywoodAfibgrs.' This
variation in <R> with pressure is about compérable,'on;a peréentéée change basis,
to those trends observed for wet mat deh;ity. Howevef,,thg_change in.<R> with
fiber .length is much greater tﬁan.the chaﬁge fouhd for g¥ Tﬁis means that in a
comparison of matsiof constant density and varying fiber morphology, as in Table
XI, about four tiﬁes:the filtration resistance for the shortest earlywood fibers

occurs at a lower pressure compared to that of the longest latewood fibers.

LOCAL SPECIFIC FILTRATION RESISTANCE

Accurate calculation of local specific filtration resistance, R, results
from the mathematical procedure for determining the derivative, dgf/dEJ using
Equation (40). The precision with which Equation (40) fits the data is exemplified
in the average pressure vs. time plots for earlywood, latewood, and whole pulp
fibver populations shown in Fig.A25, 26, and 27, respectively. The empirical
constants, bg, b1, b2, m, and n, which were statistically derived for each set

of date are summarized in Table XITI.

The effects of fiber morphological variation and pressure drop on R are
shown in Fig. 28. Trends are similar to those previously described for average
filtration resistance (Fig. 23); i.e., for a given pressure, thin-walled early-

wood fibers (top plane) attain higher R values at pressure drops between 10 and



Figure 24. Scanning Electron Micrographs of 1.6 g Handsheets Wet Pressed to 50 psig
of 4.13 mm Latewood (Upper Left), 1.74 mm Latewood (Upper Right), 3.9k
mm Earlywood (Lower Left), and 1.63 mm Earlywood Fibers
(Lower Right)
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90 cm H20 than do populatigns,of fhick—walled latewood'fibers of camparable
’ iength, and R increases as fiber length decreases for both fiber populations.
" Once again, whole pulp data (Appendix VI) fall§ between the earlywood and latewood
Planes.
TABLE XI

%

COMPARISON OF FIBER MORPHOLOGY AND FILTRATION RESISTANCE
AT CONSTANT MAT DENSITY (¢ = 0.10 g/em®)

a :
Mean Fiber Agg_’ <R> x 10 °, <5?/Aggj
Length, mm em Hp0 cem/g "em?®/(g-dynes)
Earlywood
1.63 ko1 30.2 , 627
3.05 56.2 . 21.4 388 .
3.9k 60.2 13.1 222
Latewood .
1.7k T 61.5 17.1 284
2.07: 66.3 13.5 208
2.98 T0.7 , 10.3 149
L.13 ' 70.1 T.4 108
Whole Pulp '
1.49 63.8 - 22.7 . . 363
2.76 ™o 13.7 o187,
3.88 T1.0 9k 135
Not class.- Th.3 18.0 , 2h7
N

aCalculateq from ¢ = MAE;:
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Figure 25. Averaged Pressure, AP_., vs. Time, t, Data for Earlywood
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Figure 26. Averaged Pressure, AP_., vs. Time, t, Data for Latewood
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TABLE XII

EMPIRICAL CONSTANTS USED IN FILTRATION ANALYSIS® -

Fiver
Length bo by b, m n
Barlywood
1.63 =T7T440 Th2610 0.00T74 0.01 2.41
3.05 -641980 613810 0.0219 0.01 2.26
3.9k 637350 607420 0.0758 0.01 1.95
Latewood
1.7k -561620 537580 0.1896 0.01 1.91
2.07 -394920 379010 0.5700 0.01 1.76
2.98 . -58L210 557390 0.26u4h 0.01 1.76
4.13 132160 -126080 T.6378 0.01 1.32
Whole Pulp
1.49 -511760 490500 0.0927 0.01 2.03
2.76 -789060 753910 0.12h5 0.01 2.00
3.88 -230480 220940 1.0664 0.01 1.60
Not
class. -408810 391560 0.3787 0.01 1.86

8p = m n
AP, = Do * bat™ + bot™, where AP,

pressure drop and t = time.

Although variations in R with morphology are similar to those previous;y
described for <R>, variations in R with pressure are significantly different.
Comparison of Fig. 23 and 28 revealﬂthaf at all pressures in the range studied,

R is greater than <R>, and the difference between these filtration resistance
values increases with increasing pressure. Both figures show the increase in
filtration resistance with pressure is greater for earlywood (in comparison to
latewood fibers of comparable length) and short fibers (in comparison within séfs),

with the greatest increase being for the 1.63-mm earlywood fiber population;
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however, these increases are much more pronounced in values. for R where pressure

effects are localized and not averaged throughout the mat.

RESISTANCE
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Figure 28. Log-log Plots of Local Specific Filtration Resistance
vs. Pressure with Mean Fiber Length of Earlywood and
Latewood Plotted Linearly on the z-Axis

- FEASIBILITY OF DETERMINING §w AND v

AS FUNCTIONS OF PRESSURE

7090

In the review section on hydrodynamic evaluation of pulp, Equation (29) was

developed; it is generally used to calculate the average hydrodynamic specific

surface and swollen volume. The solution procedure involves rectification (linear
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1/23) vs. ¢?. However, this procedure

interpretation) of a curved plot of Agf/(g
has been questioned (57), and as an alternative, Meyer (4l) presented a procedure

for determining <v> and <§w> from Equation (29) which recognizes the physical

I/ZE)

phenomena of fiber deswelling with pressure. When the plot of Agf/(g_ vs.

33 was analyzed over narrow ranges of g? with the aid of Lagrange interpolation,
values of <v> were observed to decrease with increasing pressure whereas <§w>

slightly increased (41,58).

As a second alternative, Meyer (42) solved Equation (19) in terms of pressure
changes within a permeated mat, thereby establishing a means of eliminating the
objectionable integration process in which §w and v must be assumed constant.

Equation (46) is the resulting equation in rectified form:

Pes2 v sy L (46)

where F and X represent complex functions of experimentally measureable quantities
involving pressure and mat density (45). A second equation was bbﬁained by some
authors (45,59) by taking the derivative of F with respect to X. In doing so

.it was assumed that §w and v were insensitive to pressure over very narrow

ranges. Accordingly, d§w/d§ and dv/dX were taken as zero and the resulting

equations solved with the aid of quadratic smoothing. It was later recognized

by the authors that the method was invalid (60), and the work was discontinued.

The advantage of these procedures was that they recognized the pressure
dependence of §w and v brought about-through fiber conformability and deswelling.
Their major drawback, however, was the inherent assumptions which:cannot be
Justified but are necessary for solution. This section briefly describes .refine-
ments developed to improve these caiculation procedures, analyzes the inherent
assumptions involved in their calculatioq, and thus presents the basis for re-

- Jecting them in favor of adopting the method presented by Ingmanson and Andrews

(L0) for determining average values of specific surface and volume.
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REFINEMENT OF CALCULATION PROCEDURES

1/22)

As mentioned -above, the curved plots of Azf/(g_ vs. g? from Equation

(29) and F vs. X from Equatioﬁ (h6) were analyz;a using Lagrange intefpélation

and quadratic smoothing to determine values of specific surface gnd swollen

volume as functions of pressure. Both of these procedures, however, are cumbersome.
Prior to the realization that these procedures do not yield meaningful results,

they were refined using the procedure for numerical differentiation presented
earlier. Through computerization of these refined solution procedures for

Equations (29) and (46), values of specific surface and swollen volume were

obtained as functions of pressure which were in qualitative agreement with those
presehfed previously (41,45,58,59). The computer programs describing the calcula-

tion procedure are presented with the results in Appendices VII and VIII,

respectively.

ANALYSIS OF ASSUMPTION IN DETERMINING S, AND v AS FUNCTIONS
OF PRESSURE -

The above methods of analyzing filtration and permeation data were once.

considered the best procedures for determining §w and v for wood pulp fiber sys-

tems. But recently, Grace (61) and Nelson (53) have criticized the procedure
involving constant rate filtration oﬁ the basis that it involved an unjustifiable
assumption which had no physical significance. The assumption results from
solving one basic equation containing two unknowns without additional information.
The permeation procedure which also soives one equation with two unknowns is
subject to a similar assumption. The mathematical argument leading to the

exposure of the filtration assumption is presented in Appendix IX.

Clearly then, in order to establish the dependence of §W and v on pressure,

a second independent relationship is needed. Such a relationship is not now
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available. Therefore, the procedure presented by Ingmanson and Andrews (L0)-

which determines a single average value for surface and swollen volume from

constant rate filtration and compressibility data was adopted for this study.

As already mentioned, this procedure involves drawing the best straight line

1/23) vs. gf as shown in Fig. 29. Values for <§w>

through a curved plot of Azf/(g
were observed to be relatively insensitive to the exact positioning of this line.

Variations observed were insignificant compared with changes in <§W> between the

fiber populations isolated. However, values for <v> were observed to be very

sensitive to positioning of the best fit line.

To ensure unbiased results, linear regression was used to position the best

straight line through the data for values of gf corresponding to A = 50 to 90

=
cm Ho0 (Fig. 29). This pressure range corresponds to the approximately linear

portion of the data.

Changes in <§w> and <v> with wall fraction and fiber length using this calcu-

lation procedure are presented in the next section.
FIBER MORPHOLOGY AND AVERAGE SPECIFIC SURFACE AND VOLUME

Average specific surface, <§W>, and average specific volume, <yv>, were
determined by graphical solution of Equation (29) involving linear regréssion of
a plot of Agf/(g}/zgj vs. ¢’ from AP, = 50 to 90 cm H0, utilizing filtration
resistancé and compressibility daﬁa. Details of the solution procedure are

presented in the computer program of Appendix V. Results are included in

" Appendix VI and Table XIII.

Values for <§w> are slightly lower than those reported previously for unbeaten

bleached southern pine kraft (;;). The difference is attributed to the lack of
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fines material in these highly classified pulp fiber populations. Values for <v>

are within the usual range of 1 to 4 cm®/g observed for filtration data (32).

TABLE XIII

CORRELATION OF MORPHOLOGICAL VARIATION WITH AVERAGE SPECIFIC
SURFACE, <§w>, AND AVERAGE SPECIFIC VOLUME, <v>

Mean Fiber <>, <g,>x10 % 5. x10 3
Length, mm em’/g le T2 . <3?/<§ﬂ?2b _ﬂemz/g _Eg'cmz/g 3
Earlywood

1.63 2.50 £ 0.03% 0.57 0.15 0.72 6.50 + 0.09% 4.39 (7.35)¢
3.05 2.59 £ 0.02 0.55 0.13 0.68 S.44 *0.13 5.89
3.94 2.30 £ 0.04 0.57 0.09 0.66 4,28 £ 0.13 5.71
Latewood
1.74 2.27 £ 0.05 0.57 0.09 0.66 4.89 £ 0.210 L4.03
2.07 2.19 £ 0.06 0.58 0.07 0.65 L.o3b +0.11 3.77
2.98 2.11 + 0.19 0.58 0.06 0.6k 3.78 £ 0.04  3.72
4.13 1.66 £+ 0.25 0.66 0.03°  0.69 3.14 + 0.09 3.29
Whole Pulp
1.49 2.48 £ 0.03 0.55 0.10 0.65 5.62 £ 0.01 -4
2.76 2.47 £ 0.05 0.53 0.09. ‘ 0.62 L.34h + 0.01 -
3.88 2,08 £ 0.05 0.58 0.06 0.6L4 3.61 + 0.06 -
Not class. 2.52 * 0.03 0.53 0.09 - 0.62 5.00 £ 0.05 -

895% Confidence limits.

D cp> 3.5(1-n/2)cl2 [;
= 1+

= ST <I?3(1—N/2)G%E] =T + T2.

< >2 <>1/2
S v

CFrom Table VII.

dValues for gf and gf not available.
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AVERAGE SPECIFIC SURFACE

A log-log plat of average specific'filtratioﬁ resi;tance,v<5?, vs.léverage
specific surface, <§W>, is presented for earlywood, laﬁewood, and whole pulp fiber
populations in Fig. 30. The figufe shows that there is an essentially linear o
relationship between log <R> and log <§W> which agrees with results presented
previously (gg). The slope of the line connecting the data equals 2.0 and implies

- that in Equation (45) the sum of the terms containing c and <¥> does not vary

significantly for the various fiber fractions.

40 — : -
MEAN FIBER LENGTH
30)- EARLYWOOD LATEWOOD
16 A 1.7 A
3.1 O 2.l B
39 O 300
o 207 | , a1 v
~
E
[}
0" - -
o WHOLE PULP ‘
P
A . S C '
al 10 3.9 0
v - nc. Vv
8- .C. |
64
2 ' 4 6 8 10

<Sy> * 1073, cm2/g

Figure 30. Plot of Averagé-Specific Filtration Resistance, <R>,

vs. Average Specific Surface,‘-<§w>, with Slope of Line =

2.0 at AP, = 50 cm H20
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The values for each term, T; and T2 are shown in Table XIII. Although the
second term has a clear trend, its value is significantly less than that of the
other term, which varies relatively little. Consequentiy, whatever trend there
may be in the sum of the terms, <B?/<§w>2, it is insufficient to cause the slope

in Fig. 30 to vary significantly from a value of 2.

Hence, for the various fiber fractions under study, <R> is essentially a

reflection of <§w>2 and is relatively insensitive to changes in mat density

and specific volume. Therefore, variation in <§w> with fiber morphology will

be relatively the same as those previously described for <R>.

The tendency of the longest latewood fibers (4.13 mm fraction) to resist
collapse, as shown in Fig. 24, indicates that aqueous suspensions of these fibers
compared with those in other fractions probably would be closest in behavior
to fibers with circular cross section. This is supported by the similarity in
the corresponding hydrodynamic, <§W>, and geometric, §WG’ specific surface data
in Table XIII. Changes in morphology, such as in more flattened cross section
(Fig. 24) and significantly more broken fibers with open ends (Table V) for the
shontest compared with the longest fibers, are believed to result in the greater

differences between the corresponding values for <§w> and §WG presented in Table

XIIT.

Thus, the latewood fraction with the greatest mean fiber length, which is
probably nearest in behavior to the circular fibers, has a hydrodynamic specific

surface closest to the calculated geometric specific surface.
AVERAGE SPECIFIC VOLUME

Table XIV compares the average specific volume, <v>, obtained from filtration
resistance data with the geometric volume, Vo calculated from the fiber dimensions

using a circular cylindricalAmodel:(Table VIIY.
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TABLE XIV

COMPARISON OF SWOLLEN VOLUMES

Lﬁf pig Tg» Rectangular

mm em®/g em’/g" zG/<g? Volime?, cmi/g
Earlywood

1.63 2.50 (7.33)% 2.9 (1.38)2

3.05 2.59 6.63 2.6 1.37

3.94 2.30 7.16 3.1 1.47
Latewood

1.74 2.27 3.26 1.k 1.28

2.07 2.19 3.21 1.5 . 1.35

2.98 2.11 3.32 1.6 1.k0

4.13 1.66 3.0k4 1.8 1.32

aBased on Eﬁ&f

b _

Rectangular volume = 2(WT) gi-gi_QQ:

The values for <v> are considgrably lower than those for Vs with the ratios
of the two volumes equal to about 3 for earlywood and 1.6 for latewood. The large
differences observed between <v> and v, are in part a reflection of the inability
of the circular model to account for a decrease in swollen volume due to collapse
of the fiber lumen. However, the coilapse of -the lumen is probably not:complete
since calculated rectangular volumes in which the fiber is assumed completely

collapsed, as in the lower portion of Fig. 14, are lower than corresponding values

of <v>.

The average specific volume, <v>, of fibers presented in Table XIII is in
essence the volume of dry fibers plus their associated immobilized water per
gram of dry fiber (;;). By subtracting an assumed constant inverse pycnometric

density of 0.62 cc/g for dry fibers from the specific volume (29), the increase
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in <y> in Table XIII can be observed to correspond to an increase in immobilized
water of 1.04 to 1.97 cm? water per g fiber. Further assuming there is no
increase in fiber swelling as found when fibers are beaten (29), it is concluded
that most of this increase arises from more water being immobilized in the inter-
stitial regions of the fiber mat as a reflection of changes in fiber morphology,
particularly decreases in fiber length (accompanied by decreases in fiber width

and wall thickness) and wall fraction.

Specific volume data may also be converted to pulp consistency [consistency =
mass dry fibers/(mass of dry fibers + water)]. For specific volume of 1.66 to 2.59
ce/g, the apparent fiber consistency is approximately 49 to 33%, respectively;

A consistency of about 33% would be a more credible maximum since fibers at this
consistency are to a great extent considered dewatered. This discrepancy is
probably a reflection of the limitations of the assumptions made in deriving
Equation (29). Nevertheless, a relatively high consistency suggests that the
immobile water is not in a free flowing form, but physically entrapped in the

micropores and lumens.
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- . CONCLUSIONS

Mechanical separation éf unbeaten, bleaéhedlloblglifkpine kféft pulp re;‘
sulted in fiber populations of predoﬁinahtly unbrokeﬁ fibers which could bé
characterized by wall fraction and mean fibef length. Furthermore;:vériatioﬁ‘
in fiber length within the set of earlywood (low wall fraction) and latewood
(high wall fraction) fiber populations correlated with wall thickness, fiber

diameter, and number of fibers per gram in a manner similar to that within a tree.

Static compressibility data show the relatidnship between mat density, c,

1=

for Eﬁ.Of about

el

and pressure, Ef, followed the usual power function ¢ = M

10 to 150 cm H20. In this expression the compressibility constant N was found
to equal 0.373 for earlywood and latewood fiber populations and the compressibility
constant M correlated with fiber length for all fiber fractions. Compressibility,

dg/dgf, was greatest for shortest earlywood fibers and least for longest latewood
- 1/3

, where I_ represents

fibers. M was found to be linearly related to (1/I.) L

_F'

the moment of inertia fér a flattened fiber model, in agreement with the simple
compressibility model originaliy developed by Wilder. The linearity of the
relationship supports bending as the dominent mechanism in compressibility of

wood pulp, and suggésts that the wood pulp .fiber 1s essentially flattened prior

to bending. Since I, was defined as 2/3 (wr)? d,»> vhere WI is wall thickness

and gf fiber diameter, it appears that the wood pulp fiber dimensions influencing
compressibility are primarily wall thickness and to a lesser degree fiber diameter.
Trends in M with changes in mean fiber length of earlywood and latewood fibers

)

tend to follow previously reported changes in elastic modulus of earlywood and

latewood in successive growth rings, and also in elastic moduli and fibril angle.

Average specific filtration resistance, <R>, obtained from constant rate

filtration data at a given pressure drop, Agf, in the range 10 to 90 cm H20




_92_:

also correlated with wall fraction and fiber'length. Percentage change in <R>
with pressure was comparable to that trend observed for ¢; however, change in
<R> with Lf was much greater. Smallest earlywood fibers had highest <R> values

and these increased most with increases in Agf compared with other fiber fractions.

Local specific filtration rgsistance, R, was calculated from pressure vs.
time data obtained from constant rate filtration using a newly developed statistical
procedure for determining derivatives. Changes in R with fiber wall fraction and
length were similar to those found for <R>, but R values were much higher and

increased significantly more with pressure.

§w>2, is proportional

The square of averaée hydrodynamic specific surface, <
to <R>, and this relationship was comparatively insensitive to changes in ¢ and
average specific volume, <v>. Calculated geometric specific surface is closest
to <§w> for latewood with greatest fiber length, probably because these fibers
most closely approximate circular fibers. Values for <v> were considerably lower
than calculated values, Vs using‘a circular cylindrical model, indicating that
the fibers collapse under flﬁid drag forces. The ratios of the two corresponding
volumes was almost 3 for earlywood and about 1.6 for latewood.. Data for <v>
indicate immobilized water varies from 1.04 to 1.97 cc/g with morphological changes.
Apparently most of this water is within the fiber walls or gncollapsed lumina

and not elsewhere.
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IMPLICATIONS OF RESULTS

The results of this study imply that alteration of fiber properties in
the chip supply by inclusion of more Juvenile wood, whole-tree chips, and/or
low or high density logs may alter the compressibility and filtration resistance

properties of the unbeaten pulp.

Compressibility and filtration resistance are important parameters in
processes involving wéter flow through pulp fiber mats; and, the experimental
conditions used closely approximate conditions.of displacement bleaching and
washing. Since the displacement process also involves diffusion which was not
studied, little can be concluded about the effects of fiber properties on washing
efficiency, however, the results of this‘study do apply to the gross transport

of fluid through the mat.

From the text it is apparent that morphological variation which relates to
growth within a tree can result in relatively large changes in filtration resis-
tance at 5-10% consistency, which is the practical range encountered in displace-
ment bleaching and washing. As a result, if more Juvenile wood were included in
a chip supply, filtration resistance would tend to increase, whereas if more
mature wood were included, filtration resistance would tend to decrease. A similar
argument is valid for low density (more earlywood) vs. high density (more latewood)

wood sources.

However, a displacement bleaching process is more precisely a permeation,
so that Equations (22) and (23) cannot be used in their present form to relate
filtration resistance to the displacement processes. But these equations may

be rearranged into the form applicable to permeation:

<R> _ o1
i, AT av/at (47)
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which defines the volumetric flow rate (dV/dt) in terms of the cross-sectional
area, A, of the bed; fluid viscosity, U; total mass, Ef, of the fibers in bed;
total pressure drop, Agf, across the bed; and average fil£ration resiétance, <R>,
(3;). For displacement bleaching or washing equipment operating at constant
consistency, M, Ef, and A? are constant so that in Table XI~£he.sixfold change
for <_1§_>/A2_f arising from fiber length and wall fractién variétion, results in an
inversely proportional change in (dV/dt). Similarly, if a constant flow rate

is maintained by changing the drainage area, A, and since the square of this is
proportional to-<§?/A2f, there would be a two- to threefold change in A arising

from morphological variation.

Thus, if more Juvénile wood is utilized, it probably.would be'necessary in
displacement bleaching and washing at constant average consistency fé use a
lower maximum pressure between the washer head and screen to avoid significanf
thickening of the mat. In existing equipment the increased filtration resistance,
even at lower pressure, would be expected to result in a slower flow of liquor
through the pulp mat. For new equipment assuming constant flow rate is maintained,
the increased filtration resistance could imply a need for more drainage area at
increase in capital cost. When utilizing more mature wood the converse would

tend to apply. -

A similar argument is applicable to a discussion of high density vs. low

density wood.



-95-
SUGGESTIONSAFOR FUTURE WORK

Understahding the effects of fibef morphology on process parameters, such
as the hydrodynamic properties of pulp, necessitates use of two major approaches
to solving problems: the theoretical approach of "predicting and proving" and

the experimental approach of "learning and discovery."

In the theoretical area there remains the definite desire to be able to
mathematically predict the changes in hydrodynamic surface and volume of wood
pulp resulting from changes in fluid stress using filtfation and permeation
experiments. Attempts in this area have failed the rigors of being mathematically

Justifiable.

In the experimental area it would be desirable to extend the correlative
aspects of wet mat compressibility and fiber morphology by quantifying the.
modulus values descriptive of wet fiber collapse and bending. Also, thé implica~
tions of the research described iﬁ this dissertation concerning displacement
bleaching and waéhing would be greatly enhanced with quantitative information

correlating rates of diffusion with fiber properties.
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LIST OF SYMBOLS

area, empirical constant

filtration constant; empirical constant
empirical constants

stock consistency, empirical constant
mat density

average mat density

initial mat density‘

initial mat density

fiber diaﬁeter

apparent modulus

moment of inertis

moment of inertia for circular fiber cross section -
moment of inertia for flattened fiber cross section
Darcy permeability coefficient

constant depending on- load distribution
Kozeny factor:

constants

pad thickness

fiber length

free span between two supports

segment length

initial segment length

compressibility constants

initial compressibility constants
empirical constants

number of layers in mat
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nimber of confacts per layer

initial number of contacts per layer -
number fibers per gram

calculated number fibers per gram

static pressure

magnitude of total load in bending

fluid pressuré drop

total pressure drop across the mat

pressure drop at distance z from top of mat-
volumetric flow rate

local specific filtration resistance

-average specific filtration resistance

outsiae fiver diameter

inside fiber diameter

specific surface per unit volume
average specific surface per unit volume
specific surface per unit mass
geometric surface to mass ratio
time

superficial fluid velocity
filtrate volume

volume of fiber wall

specific volume

geometric volume to mass ratio
average specific volume

mass of fibers per unit area

.mass of fibers in bed

wall thickness
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defined variables

mat thickness; distance from top of mat
constaﬁts associated with load distribution
deflection

porosity

Sz fibril angle

fluid viscosity

fiber density

fiver wall density

3.5.(1 - w/2) ¢2j<pl?

Ty 5T <v>? (1 - N/2)8 ¢3
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APPENDIX I

ORIGINAL MAT DENSITY DATA

MAT DENSITY VS. PRESSURE FOR EARLYWOOD FIBERS

, g/cm®

X

Earlywood — 3.05 mm

Ef, dynes, cm?
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MAT DENSITY VS. PRESSURE FOR LATEWOOD FIBERS

¢, g/em®

‘Latewood — 1.07 mm

P dynes/cm?

c, gfcm®

Latewood — 1.74 mm

Ef, dynes/cm?
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Latewood — 4.13 mm

Latewood — 2.98 mm

c, g/cm®

gf, dynes/cm?®

, gfcm®

c

dynes/cm?
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MAT DENSITY VS. PRESSURE FOR WHOLE PULP FIBERS

c, g/cm®

Whole Pulp — 2.76 mm

Pes dynes/cm?

> g/cm3

<

‘Whole Pulp — 1.49 mm

_Ij_f, dynes/cm?
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c, g/cm®

Whole Pulp — Not Class.

Pe» dynes/cm?

c, g/cm?

P — 3.88 mm

Whole Pul
Pes dynes/cm?
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Variability in the mat density vs. pressure data for the whole pulp fiber
populations was found to be abnormally high. This variation has been attributed
to difficulties in eliminating vibrations from the enviornment during gome of
the experiments. For this reason, compressibility data for whole pulp has been
eliminated from the body of this report. However, Table XV and FigufBl show

that N = 0.373 is generally applicable to the data.

IRERRTN
Ve antadl

; TABLE XV

VALUES FOR COMPRESSIBILITY CONSTANTS N AND Mé FOR WHOLE PULP

L N M; x 103,% M x 10°,
mm N c.g.s. units N c.g.s. units
1.49 0.389 1.37 0.373 1.62
2.76 0.384 1.37 0.373 1.53
3.88 0.350 1.99 0.373 1.56

Not '

vgigég;;~ 0.392 1.27 0.373 1.53

aAs described in text.
b
(a/cn®)/(dynes/cn?)Y,



MAT DENSITY, G./CC.
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o~
WHOLE PULP, 1.49 MM.
C = 0.1370-02 + P =+ 0.389

-
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WHOLE PULP, 3.88 MM.

C = 0.1990-02 = P == (.350

T T TTTTH T 1T T 1T 11177
] 104 2 5 10°
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o~
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, . ) | .

_ C = 0.1370"02 * P oww 0.384
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WHOLE PULP, NOT CLASSIFIED

C = 0.1270-02 = P »» 0.392
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PRESSURE, OYNES/SUCM.

Figure 31. Compressibility Data and Resulting Best Fit Curves
for Whole Pulp Fiber Fractions (as in Fig. 16)
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APPENDIX II
THREE-DIMENSIONAL PLOTTING PROGRAM
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APPENDIX III

COMPUTER PROGRAM USED TO CALCULATE

AN EQUATION OF THE FORM
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APPENDIX III (Continued)
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APPENDIX IV

TWO-DIMENSIONAL PLOTTING PROGRAM
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ONTAIN THE FOLLOWING CARDS IN ORDER...

APPENDIX V
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Appendix V (Continued)
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Appendix V (Continued)
E

OW RAT
P. PAD
TRATIO
ESSURE*)

BO + BLo(T*#EXPM) + B2

-~
- ®
wvi
=
Zia
<\
o S
Nl
Z | -
[= R
21O
~N
P N
< | =
) -
1 Z
]
1%
[
X
wia
~
-
[
b= |
N"H
X0
[l
- RS ]
wi e
[
x> § X
Nw | O
- ™ o=f

8 o e e IC
X 1 b St e (D)
B N L L e T e e g e e e e o o e o e e e e o ol ap
FECOI | TXZEY ddAdd P AL LA AL I LI SLT
XOEZY | XU T T LT T~ FTFSF IS FSEESEXEESYF Y
D | O00DOVEEX X XXX XXX XXX XXX XX XXXD
Libe b= 0000 # 0000O0OB00000000000Z
T T T TN TR T TR TN T T TR T TR T T YW N T PR TR TR TR YT

AOFNODVOONNTINDDO~NM
OO AMNAMN M T8 T T E i
QOO0 QO~=tmimt ~OQQO00O0O
[ - XX Re X Te Yo We X o T o Yo 0o Yo T e 0o o Ro )

OO~
NN O
QOO0
[« ol <ot Jo ]

Ey

(JVJRN]

<<
U U

wn

(O[S}

SPEC
RAGE SPEC

YAVERAGE SPEC
RAGE

-_-OOris & » ¢ mo oo e riyevce o gy Naa
eeme +00 OZOOCOOAO OOOOWaW

- e® Pe |wwrwws s et Ase P s ranerne Joonese

9999999999999999999999* )
s ORI GNy DPTS
“TAPE FOR PLOTTING
) Y1) oI=14NPTS)

CURVE FITTING

QRTUICP)) ')

(Y517 hd

L]
L}
/
§
E
9
*
(

-
-
(4]
-t
'
-

oy -
~

Ar=INNUG PO~ .
Qb _jb= o ¢ ate N
O Dbl oO

W= DDI20MWoa
P2 OOONmN o>

o 1= W N [T ] L RSt » )
ol 1= LV A N TR R T2y e

010 I-IODDOOR U JONDET NI i HwD
N OO~ A ddd S J NN NO

O r N« 3= LY o b o S U W W LW ol WO = NIL O

VOOV EIEULULLO—~EZOCOH-COX ZO0ORVLVOOO0OO0r QD MZONOMmZE

K WORE b= T X FE -
QEDDIFT Detrarmpyey ofb=>= 1 I
~p000xxxooaZ

e i
000
000

oo

PENSE OF CALCULATION TIME

THE EX
TTEST?Y

Bly AND M ESTIMATED BY *'SUBRQUTINE XM*
»B0sBLlsB2,MyNyAyJ,K)
DABS(DELB1) + DABS(DELB2) + DABS(DELM) +

BE IMPROVED AT
THE VALUE OF

>0V O~

v o' 000N

OX =N o o =ULNOOAOD |
[Dode LR ATo T Qo L inad’ V4
FPO WdddwwOZWO +++2 OO0

LR L (e L UL B (]

VES OF 80,

O~ ND  + ¢
Q1A ~O0BO~

Crran
Crks
Cexe




-115-

Appendix V (Continued)

o
W
[ -
L -
- -
po } -
(S -
-t o~
e .
v Ik -
b o w
C & W o -
- O - -
O =0 a *
o < - %
Xe 2 —
D Qe - -
2 oL =~ X %
- U LY e ~
- o~ oy - =]
- N @ Z
Q =% e 'S +
- Z0O0X &
- QA =~ e o 4 -
¥ Qa = - -
- w a 22 o a -
- (=} WO o Aad [3"]
s S Z - .
x Z bea s ¢ * &
- O «ak=Z O (72} w
L - (e - o -
D - OX o+ a o -
Q g N e X o *
— o . WwanN - +> %
g W - o ~ (oY)
[} P-4 Z a2Z e = [7,) - L
- - W o QA -_ Tx ® O
~N x (L, TR - B -~ el - -t
- - ZO* » mEZ L 3-% [ ]
~N ~N o wwo x ~ * —~
[eo} \ (41" +} D€ o~ o P +
e S " D > N av
> O ~ W -~ 1 OO0 -0 D~
> s Z ZWZOm [=1=] Q @i~
o . JF O INN ~;N Vg Oy .
1 Qo W= U X oo = o) e
¢+ o DO X VNeshmim o ril=P oot
- -~ W OFW WOXDD FoD— amo
ZE > T o ZFZaQa—0On » OX o =0
200 7 — OZANTZT sttt o — vt
Ottt Oy — DO [ s LR
Ooter W2 D W= DNW NN - O Al d
Z000 « Q —-0Z MU oo o CSd
-~ -_aD o VNIXUONN = =~ b DEFEE
[ ] @ = DD I D) b e P bt = el =arafod
w o DO IoO—oaaxo @ Wemood
—EZOLXZ WV TESDDNDXHHPDRHPRFFFW
w
[} 0 - NS
Q0O
QOO
e Yot}
[S S 16 18 [8)

== CALCULATION OF SUM OF SQUARES

SUBROUTINE SUM

BlyB2 sMaNoAyJeK)
) 4
2
y
2

E# ZdNwZeNYwww
M(NN(M:\#(N(:\# +e

XM % Y{(I})
2!
*
X Y
2
®
X R
M
*
R
*
2
M
M

{
X
+
{
X
+
(
+
R
+
(x
+
+
2
2
2

£z ~ ~E2 < [- 4. 4. 4

NN~ XX+ Z+r PP ENEZ>

o o000 OO0 #4 -~ - b > ETE»> XNXEE

(=] O OO0 OO s 000 o0 $RHPU~N>++>IFT>ZTANXKZaNE XXX
OO 200 21O ¢O ¢O & OO0 +OO0Ow # 3% X F N Z AT XN M2 XX NN

PFrHEdwbt OO ¢ aD o 2O O O OO0 o e it $ T ZRXXUIXKKDIK?Y NXNN
~—aaaaad s 00 00 O U O L} Il ey ZO# KXNAN AN N N LR

Dt ©

OZded o
allnond

] Wo# ot onu " e X O >N " (] = [}

HNn wt #n e 0 NN N3 %] LRI I '} [ NN
z o &Zo ocNXoaaNado nne "o 2z o RNR Ny

P ER>ZrEERIATZXET I ZP 1 Tt W P FRI>Z>AEN>CZXE P

QFEIDIDIDIN FPINTZNITNIZ>NINS Y ZNZ xr>i FEZISNFEFZNFFNIZI2NTNES
DO OO = > 5 3 3 3 I I DI M I I MMM MK MOE ZON O D=2 23D B I I M I I I 2 I 2 2 2
SDDDDDPSSSSSSSSSSSSSSSSSSSSSSDXXXXRRSSSSSSSSSSSSSSSSSSS




-116-

Appendix-V (Continued)

S .
Z
(=] -
S -
[ x
T . -
o -
(<]
w -
~N o~ . Z
- 4 o o w
> > . « zZ
[- 4 [- 4 x Z w o
> > o - o~ 2 o
x < w o« we - >
» » > > -l w
v 7] r (-4
- - x » [7¢] 1%
P> 1> N v [ ] 2 Q
X 4 -4 o o
x X X Z | Zi w )
Z wn 4% ] X o Z jun}
- x o~ x Xt << -4
> X > 4 w Z wz - P~
" » ) * X * N - o >
n 2 »Z N X o 2 ~
t #® X NN @ X [+ 17%] x - -)
N E oo .3 vy * 3 — -~ <
< n X » U + # - ON ) - —
- » (%] [~1 3 o~ o« - L
N Ll +» # otN N @ N [T b 4 -
o » o~ N [-4 + o - Z
N - - - X ¢ * L d -
*. @ x +* 4 o - 4 z +*
N ¢ » o ~NZ o - (V8

- B x [- 24 v X a X - » o

] . w X ZzZx *» N ZX =g -

L~ = * N XX — X X poo — 4
- > x -t X x R v -d o~ Lo o
N» v n v St * # (22 ) Q0 v 4 —
o » L J * » ia O - *» —~ N Z ol

4 - (= » - ¢ @ ) - - [} «
»NZ -] ‘e an 4 00 ~ [ ] " 00 ) X

o x ~N -] + + H O - - —
44 d * + + + & L ety » [
» oo . +ar L Ner N o L > - (%)
—d e XrZO ZX z N X «NZ Z wx<a O x L 4 w

X x ar > a X aZx Zo X = - - -~ o~ -t
> 0NN Uelel XEN aZn XEEN o EZON W g2 o~ > o - "

.44 (4 NXXW Z BXE o TRXE DX E WOON - - - I < -
NZ > # W= EXNAN HNZMNO X EXNMOx XZNNO — X et e w o - XU~ - ¥
«NPNEZ AXNIN S AQZENTRXOENER S OZEING # 0 [ ICU TV, T wwy & O e Z eFyZo. <+ b4
2 3 3 b 3 I =t O s DC 3 I D N 3 I 3 I Qo S MK QN M N O e [7, DY) rzr~ Z X O e e o
XSSD&?QEU_SSSBB.CE#E)B.SSSBB.(?E)BB_ w < - - o o erdeited - ”

z W WO ~ e~ —_eg - - o ™~

..====::===:====a==:::::s::._::a:: - PPz - - - LE 3 K & e~ w

- =Oa O & MHUYWET N «aj i W w He 2
~— D =~z > eDet = = = Dw+é w
2RR123456123456123456123456123456R Q Dwnw IUININP My~ | R P V2 Z
AT -0 PP O s ehetntteerasoatthentdsnred ® OZ I HOHrdrtew wwm) M -t Ne-dy o -t
NZN11173512222275:225334§444‘&125555T. ® wWwR> - O 1= ¢ earirrmdmrd of— YD —
3 2C 3¢ WO D DEFDwb i w wZ Homy w = =Zile-0Q 2
SSSAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARN VI D=OUH OO0V LOWLOO0 wwDhOwO~0 ww> O
w NOO—ZOZ OO~ 0 dAdO~ Oy OV W~ W ”
- C el N N O M 0o O~ N L 4 D
—t —tt et -t (7]

LUV VLV

Y o SUMXMY 4 SMIN

YoNPTSsBOMIN,BLMINy MMIN+GoH o MAXM)
S
8

[XY =]

EE
Xt

ECI

ECI

oH

S

001

«0D°
0.

O«
.g.
T
SUMXM + XM

PZoa O OO
—tlan a2 o=t
| ndand T "
DWW H:: male
OZ SO N T

Y -2 xxvx7=vn.
o} edel 0N Rolad B & & &+ o
D=QOX ZX UUUUOHU
VoOOO=A X DINHINNUIQX W)

=
0
=
26
S_l

M



=117~ .

Appendix V (Continued)

v}
-
‘o
—~ e
~0  a
—t
[ S
- >0y
N . N e
#*# % #. TN
* R X
X X E
X O XETE et -t
- XX N -d
P % - -
Gt DD #+O ©
P 2172 - »
IO Do N 0
N X < oL J
e+ )| tke~ -
X = NP OZ -
D>ID>XT T O s 3
NENIN dwd O Zzag
D XXX O —~IO¥F
TNIXEXFE Do O X
DDA nn +4
X NN I L
N ¥ Qn Z2Z ~xx
MIW U HHH Py -~
F¥XX U & <o NN

DOD=N~O UFXxO—~E U
VNNNTTDVDN™NDVOE HE

P~ © o

7]
w —t
o [«
-« - -
WD e Q. >
oz [ ] » X
=t - X » -
o Q. Ot
Q= Z O~ N e
nand -0 (24
Qa«a MmN O
- WE Qe I
wdiN ) ON
On wn 0 DO
VI L Z0 wna
Z Z Oe oo
NS Q= XO
LI Uit e O
> Ee>n <I<NOD
- T dZ b N7, 1. ¥
— W00 LY Dl =]
-l r >0 0 QY-
— _—0Z *~OO>a
[-3] Lo > QA J=EO —
—t wa. Q «Q.D - < -
(%] - Wie s IIN 0 - .
(%] <Tu X J NGO & o0, L] -
w -t D Dee AN D> o -t
o 2 an O~DXE ~
a O U e ~ONDO 4% -— [-%
X O -d b= [- -3 % T ] ™~ ¥}
O - qZOn Oy & & -~ [ -
[S Il AN S ITTT. 4T%] s oQ NI — -4 =
QOr~ o P S ET-N- N -~ - &
N Zoo Ow Q - .00 x -4 (=4
N et o WE ZoNem) - (8] - v -
"t m p Jo o 20 -~ oF T x [=]
.~ OO YZNOE [ -
VI 0 et LO~X D o w) #*
VI A~ YHLy O T O (% [
(-4 DE 2 —— - » - o -
o >uw Lt and Ag~ZX ®*~ Z -
X ZZ VIar- aAaTOD ot -~ Z -
W 0D =IO - o\ Y Z g~ -
= o Q. p 2 WZe=E P a—
w - W wE ~Oa N O~ # 0
z Z Z2 IO NOTO O a«ON = -~
—_ < — ) s & OCOOO00ONn wkaiN -~ -
[oneg | g Ny ~22Z onann <gDa. - -~
o ] D=L (48 e lwle] Qe v e e e NEwD ~—~ -
(=} OF0OF AINH=~O 1000000 ~Od . O ~w
I~ e FettNg 0000000 ZEOD— Gmn,
2] @a *T LAY NSO SN oJ -0
2 Db b= AUV ANANMSNONY - 300~ #a
(e NZX L Te] WL e 81236917AD wso on
w O FZZo N\ H o~ aX
"o sy lUUPPQT:::::::lI: Zo~ N~
0o b ot 3t Y Heew XU e
-4 Xo sa. DUVINWIU I | o mmrmom it P ot U on P
=4 OO OZZa0 ANOINON O O “~=g
2 UL O AN e DN Nt D
() MEFEDIDU-NNNANNANN =0 S @O

- 47

—
[RS8 (S [S 16 [W 15 1S 188 1]

D=0 xXA0000AA00IEOAd Oooau2
[lalal=latFlalalalalaTalalal JNISYE S<TETETaY 2]

~N

HS%D TO CALCULATE THE STRAIGHT LINE

<
-
-4
Q
Z t
Q >
— L J
v >
wo
wh~ [T
- 4.g2) o
O~
wZo %]
[- k) x
@ —
o - <
< 0
0.~
Zz
— W
b Z2& W
0320 X
Hxr= Lo
it = [FUITE
=z Zx
A Sy
(L] —a
w Dt
- 4 oI
z . oV
- D=
- 20
[V, 1=}
[
na
- _1
ITw .
o

LLLVOLVW

(%]
Yo
Q.
-
TN
(@)
- .
— .
[« 2 -l
- L d
- ]
Q.
(& w
- [ g
Z >
- Q.
- x
[71] (=]
o. (&
o
-~ o
x L
L -
- > o
- X w
w Ewn (%2
a D e 2
O iy
- e vy
V3 == w
- T w —
-~ D L o
a Vol a —
(&) <t [ong
- N ~ -4
Z X> w <
— X . S o - =2
- Do —~Q.v X fe
v na -
Lot >0 N~ 2D -d
a XX > W -4
ZzZ X - * X~ [8)
« Do #82ON B -
> g 7] -
— wll ~en B W v
XXO>0 ——h i Q ond
-\ o ~ (=) | od
~ N Latent P S 3 . | «
> it EE NN~
W ez - 229 lod ad 2]
e ~0 PN e+ 1aa
2Ot . -~ [T
- +* N> N>»*NNO
rnd Bt bt o0 XX} | OX
xOU O000O0 >XEX NIO»X2Z

o~
»*
»*
-
—
-
o
<
]
>
]

-
-~ O
- 0
bt .
b |
* 1
W
- S
(=T
- a
)

~
L

-
X O
<gQa
® ™~
>N~
- N

[

] #*
v

(v(l)
/ (PT
{ SUM

+ N
anN
ND>= X

W WINOD ¢ O ESTDIION-NEXOway
ot~ 8 000 ¢ «DDVINXXK eI D™ o> D

~0naaoo

NNy N H N

[ ande F4 LU ] HIDDH N atlf -
- DILIL 1R LR X N} i T==LI=R z
OZ_ddtl N> N> > o for

aZlUM@ >R I IO~ KK K # PCRRCZZE

NEIDNFEFTFO IXIX

Chxx

Odd< ) aDX=-0O
D=0 DDDD>0DIDDD=N _JZODCO) I - Vil Z
NO DA NNNNNONNNNT TN > X LVQVNNXW



-118-
Appendix V (Continued)

vt od ol el ol ot g<<
> w [ | | ] 119 LU
w w w B4 > w W i OO0W oocw LW
> > > L and < > = 00> NN = Z2ZS
¢ <t < - - « g 1< 1< 119 1<
(2] o o n " [ O EXN XTO XTO XXV
0 ~N -t © L o~ - L] N -t 4
N v IO 1~ I O I O 1 ®m g [} ! ! !
M W eN W e©O W VWV @ Y C O ©® O O = = = x .
0 X®. X o\ O * 0 ot
X~ X X0 Xao. X X~ X~ "N O (A @© N
- 4 * o X e b o X o X< e 0 ®
W W Q. - [ ] wn g ] @© ~ — Q X . X o X o .
- Q (8] [~} oN onN oM >N ~oN © 2} 4 ~ [Ta} ~~ o0
- 0O b= Q . . e ~ [«] o -4 o ON [ o T} ~N
- Q. . O VNO O~ N e M O @ N O oM O - o o~ —t
— o m O M W ® O N~ NN ONN NI Mmoo @ e e ® -t
~ . ~ NN WNHO M= O O W O O N ~ O e N [l ~ Ll
e > w [ =} - N M_N & ~ OO VO M OHN M~ M~ i O O O et P~
— N X o - b Y oI o oL 3 . 3 . . . . . ent~ *HCO LNTRC < e ™M .
> W - . N bty OMd Old OTO OITW OXW OI O_* O ¢ O ¢ ~ ¢ O
wld > -t - 4 (L] QN Oom - -ty [ ad] (St Iwn Im I o~
-) [V - w r 4 z 4 (L4 0 o (L) =N -0 | el o~
- - (=} > - W SN OO O0ZY WZO FZIn ~ZNn OV ~O mY ~N [
Q> = * O x IO NI MO oW NUD MW s o Z ~Z nZ = o~
VN n 4 * Z ~ O et M et O el TN mdE O NW oW oW ~ w
<w w. o * a X0 LN NXO O M~ O ® 0O O O M 0 VA0 O MOy
> > — - o O [TT o) o ot o [ ax} 1. 4 o o &l o ¢ X ¢« O « o W e
ol « - o~ [= I DN ODRN ODM OWYE OWM OWIN Wit O ¢ O ¢ =X o wire § O
- - < S [T - N - - [- o1 ,N] [ =1 V] e [- 1oy wm utey Wed .o
xx > - "o *+ O w '8 w — — — — acy oy n —_\]
W - (.3 [ - M~ ~ O ~ M ol ~ULO NLIn LD O= [l & - nu o~
-l > ox we - - - OV 11 O N M M O O ~ &N VO O suw Ou. Lt el o
> Q. a.n x - VW ® —~ O N i N N M~ O N O ™ M - <t o
ol > ~el [=]. 4 -~ - - W & DO D T NN~ N PN et~ O O~ M~ N N DA O
- eON Wi - ~ - . . . . [ . . . [ . . . 3 o M « O . M~ S 1. .] 3
b 3 I \1- 4 —t— o "> - a Trd OTO OTQO O N QO md O ot i O ‘o L = R R R T ]
~ L~ ~Z - 0 - 2 iy N ien oy Ied T Ten — o W . =D
>y —— eZ .  » o w us us 7] . wn w [ TN Tt TN O
[T o] - O rdd ) o~ < O MEN VEOC WM QWO OwWO NwWh WV [« 272 ~ oZ L)
[= 3 4 - [82 Attt [ O ¢+ M~ 1A O XN NXO OCXO NIV VW ow T w o o
Zres ® [-0-1-8 —OMmMZ - TINO DOM NOm s e MN ~ E O X ox <3 Fdl o
Z o= [B 1TV} Zoaa— a - VO NP et w4ND N —OD FOM y N O O N ™ O im N
O = -2 - VR O - .« 0 . ) . «0 o o0 & e\ o ot 0 N0 O~ Om « @ .
[ R -] [- L4 ap - - -t 20 OZ20 OZ20 d O O P et I~ ot O w0 0 ON o it 0 =4 o =t
= = Q42 NNE 8> a — Oeu (=20} onN ZN Z o~ Z~N 2N o ~ n 40
<0.OmM - - =~ [V = - Q o o o Z~ Z~ Z 0N Dt
ONC .\ a uip> . . - QONCONOYQOM- OITE QTN N IO TS0 3O oo, O™
Dewp W =0 OZNaadd ~ ™ WO eMWAN sMUO o0 «ONON NN ¢ DM O et no Nelly] O
QAM sk -~ W ae* OO0~ ~ o ZINNOZMINNZ OMOWT NOWUANIOIUPDMW—~000  sh0 N0 oy ot
oA AT Ao o Ne OO s O Wt T O Z TN ZNNAZ N ZNONWONOYWO O™~ O M I NS
QOO OZ- M NQFEIy 0 - =0 « st 0T TN ol OP it 00D St 6N Grmt 80 0t o F STFOM IZNW® 12T OO ¢
[B1- W o2 S 1) - [F-9% ao>a | a PN O e ONOR AP et N A QO T A L MO d I N it ¢ D ettt 9V bt 0 4NT ¢ Ot
QA Zwm w-OW = NAVd PN E\..b Wi—t0 E?_Q. TI:I ..ll:l betNet =Nt 0 ANt =IO XD
[~ Y Y O ot falnd a> - amd & W =t Yt o =i D O =ONO -
N -~ - P ey I~ (LI 005 504 707R070R004R500R309E oyl 0w < <]
N Z BN _§ TN Mg N W ZOOOZMNNZO0OMm OO OO NOM~ MO GR 8R ~ -t
>a 00000« OO 1 ANV NG =omrrt O~OVANNMSMAOOOZOVONZVO~ZNNOMZTOS @© o
VW et QOO we +00 Owkl=w O ~ POt At A= N T O N N O NN O O P i O = O DV . O 39.0 ZP..) ® O M~
2NN PO~ o OO ZZ X0~ (2K b 8 0 Oh= 8 0 Bh= 8 0 et 0 E O 0 0 0hd 0 0 0s 0 0 S YN ¢_jOOT e ¢ N O
WAt o o St - e el) OV=ry ) o NN W OOUIT A DO E i LT Ot e AN e e PO = OO =D # 04D 0 oD o o\ o emiCN
> QU= ZO B gl Y [« VTl S ] A\.Z C=N =N Q=N O OHN O QT AN g e NN
W WWIDD Dy 1 DI~ HND>DD0 Wi o [- 4 o L-4 L4 L4 L-4 N -t N -t —tN
X000 a oD &~ QaON= Ne = LONDUNOULOOMNOO OO0 OO OOV W Al Y] Ow o o
=0a.a -ym™u W= Dewo~ Y et P s MOM M~ OONULMOIULVOOTULOOUOVM Ny O g ~o
- et .I((H3 et Ay W o QVOA~NTOOOOM OO~ ST OO —~00O0 ~0 No & Laal ]
o 1V, [VE113]) N we |l sl aslad ot d ONO NN OO0 VOO QT OIS NI ~NTO & -
O Wi C59 Wwer aaAZ>uadddda WesolloseollisoeoesTeesy e e e o oXOM oXNM o TN ¢ OM 0O
AL D D o e 1) V=l BSOVNVI=EXXTED et e G0 et e et O ot et F ek ) _J Ot _JONN _JFPN_JNN ¢ 0t O 6N o ¢00 N oNO
OF D Demtrmtrmtret 8 [ [ pm ettt _jlllpe = WM X X X O Wi L= U~ WD WU~ U~ WL~ onr of~ M~ o~ O
D=0 0uxax W axXOdI>0a>>000000W> -~ o~ -t o~ o
NOOOEXXTXHI>IHIKZEAZTZOUAOOdaAaZL UL LU Mo NNIOY OTO MNO oM NIY Oy Lo o U wo
AO~0 OO O~ O~3 OO +~OO O—~ < 5~ <90 N~
N~ SO0 AW AN NOYT MNO —~om [l —tun oM LA LA
=N N g I N NON OND MO YO =N T e oo ~o0
* 4% [eleloleals] — raY ] * 00 o 0 0 e s e o000 L I ] o0 s miD e OAed e O ¢ M~ o
* % 00000 < OO0 MO PO O VN0 EOM WO~ MRD N o O o~ O OO
* &% oo o ot d - -t N~ At e et e F 0O
(%] WO ~ Vo O~ N o= O



-119-

APPENDIX VI

OUTPUT FROM PROGRAM CRFILT USING AVERAGED PRESSURE VS. TIME
DATA FROM CONSTANT RATE FILTRATION, AND AVERAGED
COMPRESSIBILITY DATA
Calculated values are presented for:
Average specific filtration resistance;
Local specific filtration resistance;
Apparent wet mat density;
Average specific surface; and

Average specific volume.
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Appendix VI (Continued)

SECER AR ESEBE R EEEERERERE SV DS SNSEE RSB REBRERE G SO SHE RO ISR RRESEBERSE S LK ECR SRS SR EG SE S S

FLELD FRACTION RETAINED ON 65 MESH FIBER LENGTH = 1.63 MM.

L X 2 X J
(XX XX J

(I I 2SS ISR SR IR 222 AR 2 R 22 2222 222 R R R 2 PR R R PP d2 R RE 2SR 2232 2222222
DRIGINAL DATA

FILTRATION EXPERIMENT COMPRESSIBILITY EXPERIMENT

PRESSURE CHART TIME SURE PAD THICK. SOLIDS CONC.
CM. H2] READING SEC. DVNESISQCN. ) INCHES G./CC.
10. Ta4b 223.90 8150. l . 1.0338 0.0517
20. 11.68 350.50 13100. 0.8665 0.0616
30. 14.91 447,30 22900. . 0.7039 0.0759
40. 17.55 526.50 37700. 0.5848 0.0913
s0. 19.80 594,00 62300. 0.4851 0.1101
60. 21.87 656.00 96400. 0.4124 0.1295
70. 23.70 710.90 ) 145800. 0.3536 0.1510
80. - 25.29 758.70
90. 26,76 802.90
FILT. PAD WT. 3 6.7979 G. EQ. vOL. = 65132.20 CC. CONSISTENCY = 0.010 PERCENT
FLOW RATE = 78.6 CC./SEC. H20 VISC. =0.008705 POISE COMP. PAD ﬁj. = 6.1767 G.

FILTRATION RESISTANCE AND MAT SOLIDS CUNCENTRATION AS FUNCTIONS OF PRESSURE

PRESSIRE aVERKEEATTON RESISTARER DENSITY
P ’ (R) R c pP/DT
CM. H2) DYNES/SQLM. CM. /G CM./G. Ge/CC.
10. 9807. 0.1617D 08 0.2608D 08 0.0553 70.63
20. 19613, | .. 0.2066D 08 0.32980 08 0.0716 89.32
30. 29420. 0.264290 08 0.4130D 08 0.0833 O 111.82
40. 39227. 0.2751D 08 0.49280 08 0.0927 133,44
- 50, 49033, 0.306480 08 0.5673D 08 0.1007 . 153.63
.60, 58840, 0.33120 08 ~ 0.64030 08 0.1078 173.39
70. 68647. 0.35660 08 0.7081D 08 Oe.ll4l 191.75
80. 78453, 0.38190 08 0.76940 08 . 0.1199 208.35
90. 88260. 0.40590 08 0.82780 08 0.1253 ] 226,17
EXPERIMENTAL EUPIRICAL CONSTANTS
C=M4e& (P *s N) P = B) ¢ BL&(TH2EXPM) + B2 *(T*2EXPN)
WHERE. .o WHERE. o«
M = 0.18120-02 B0 = -).77744D0 06 - ‘EXPM =  0.10002D-01
N = 0.3720 . 8l = 0.742610 06 EXPN =  0.240540 Ol

B2 = 0.737250-02

AVERAGE VALUES FOR SPELIFIC VOLUME AND SURFACE

" AVERAGE SPECIFIC VOLUME, (V) = 2,50
AVERAGE SPECIFIC SURFACE, (SW) = 6500.
AVERAGE SPECIFIC SURFACE, (SV) = 2602.
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Appendix VI (Continued)

SEERENESEAREE SR RS EEERRE SRR SRS ERRERA RS KRS A X AR AR SR P ERRE KSR RABEESE RS A S ENEERN S

éIELD FRACTION RETAINED ON 20 MESH

LA X XX 3

FIBER LENGTH = 3.05 MM,

HRERS

ERREERE R RS RS RERE KRS RO RER B VR KR XM RS RER RS EHE R EAE LR AL EUREX R XL SR RE KRR B E NSRS RS R &

ORIGENAL DATA

FILTRATION EXPERIMENT : COMPRESSIBILITY EXPERIMENT
PRESSURE CHART TIME PRESSURE PAD THICK.
CM. H2] READING SEC. DYNES/SQCM. ) INCHES
10. 7.15 214,42 " 8150. 1.2830
20. 11.12 333.52 C 13100. 1.075¢4
30. 14.13 423,82 22900. . 0.8736
40, 16.67 500.17 37700. 0.7258
50, 18.94 568413 62300. 0.6021
60. 20.81 624,30 96400, 0.5118
70. 22.58 677.32 145800. 0.4388
80. 26,20 726.15
90. 25.68 770.47
FILT. PAD WT. = 9,7035 G. £Q. VOL. = 62375.00 CC. CONSISTENCY = 0.016 PERCENT
FLOW RATE = 78.2 CC./SEC, H20 VISC. =0.009299:POISE COMP. PAD WT. = 7.2896 G.

FILTRAT [ON RESISTANCE AND MAT SOLIDS CONCENTRATION AS FUNCTIONS OF P

PRESSURE AVERKCRATION RESISTARGE
P (R) R
CM. H2) DYNES/SQCM. CM. /G CM./G.
10. 9807. 0.1069D 08 0.17210 08
20. 19613. 0.1375D 08 0.2227D 08
30. 29420. 0.16230 08 0.27560 08
40. 39227, 0.1834D 08 0.3258D 08
50. 49033. 0.2018D 08 0.37370 08
60. 58840. 0.2204D 08 0.41510 08
0. 68647, 0.23700 08 2.4555D 08
80. 78453, 0.25260 08 0.49380 08
90. 88260. 0.26790 08 0.5293D 08
EXPERIMENTAL EMPIRICAL CONSTANTS
C =4 s (P se N P = B0 + BL*(T*4EXPM)
WHERE ... ’ WHERE. .o
M = 0,1723D-02 BO = ~0,6¢198D 06
N = 0.3720 B8l = 0.61381D 06

82 = 0.219360-01

AVERAGE VALUES FOR SPECIFIC VOLUME AND SURFACE

AVERAGE SPECIFIC VOLUME, (V) = 2,59
AVERAGE SPECIFIC SURFALE, (SW) = 5438,
AVERAGE SPECIFIC SURFACE, (SV) = 2099,

RESSURE

0.0526
0.0681
0.0792
0.0881
0.0958
0.102%
0.1085
0.1140
0.1192

+ B2 *(THEEXPN)

EXPM = 0.10000D-01
EXPN = 0.226180 Ol

DP/DT

73,58

95.24
117.85
139.35
159.82
177.53
194.82
211.17
226.34

0.0491
0.0586
0.0721
0.0868
0.1047
0.1231
0.1436
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Appendix VI (Continued)

SECVS S SBGEECOD R ASNCERERIBRER XX PN ORLRENEAACRASCISLOORNES SRS PSR RSN B R UG IS EEL A SN S SR O SE

FIELD FRACTION RETAINED ON 10 MESH FIBER LENGTH = 3.94 MM,

L E X X X3
[ X X273

FEEERE RS RS AL RS PEEESENE SRS IR ST SIERIEERXNEESCIRE IS S SERSERESESEEBESESEEECESESSE SR LS
ORIGINAL DATA

FILTRATION EXPERIMENT COMPRESS IBILITY EXPERIMENT
PRESSURE CHART TIME PRESSU PAD THICK. SOLIDS CONC.
CM. H20 READING SEC. DVNES/SQCH. . INCHES G./CC,
10. 9.27 278.10 8150. 2.0327 0.0479
20. 14.90 447,00 13100. 1.7037 0.0571
30. 19.51 585.20 22900. . 1.3841 0.0703
40, 23.48 704,40 37700. 1.1498 0.0846
50. 27.11 813.30 62300. 0.9538 0.1020
60. 30.42 912.70 96400. i 0.8109 0.1200
70. 33.36 1000.80 145800. 0.6952 0.1399
80. 36.12 1083.50
90. 38.68 1160. 40
FILT. PAD WT. =16.8514 G. EQ. VOL. = 97743.30 CC. CONSISTENCY = 0.017 PERCENT o
FLOW RATE = 81.1 CC./SEC. H20 VISC. 20.009028 POISE COMP. PAD WT. =11.2539 G.
FILTIATION RESISTANCE AND WAT SOLIDS CONCENTRATION AS FUNCTIONS OF PRESSURE
PRESSURE | AVERKCRATION RESISTANGE DENSITY
P (R) R c pP/OT
CM. H20 DYNES/SQCM. CMe /G. CM./G. G./CC.
10. 9807, 0.7134D 07 0.11100 08 0.0513 54,87
20. 19613. 0.88770 07 0.13030 08 040664 64.38
30. 29420. 0.1017D 08 0.15300 08 0.0772 15.62
40, 39227. £ 0.11270 08 0.17450 08 0.0859 86.25
50. 49033, 0.12200 08 0.19490 08 0.0933 96435
60. 58840. 0.1304D 08 0.21400 08 0.0999 105.76
70. ° 68647, 0.1388D 08 0.23100 08 0.1057 114,20
80. 78453, 0.14650 08 0.24720 08 0.1111 122.18
90. 88260. 0.15390 08 0.2623D 08 0.1161 129.63
EXPERIMENTAL EMPIRICAL CONSTANTS
CaM e (P & N P = BO ¢ BLB(T#SEXPM) + B2 S(T#*EXPN)
WHERE... WHERE. .. .
% = 0.16790-02 - BO = =D.63735D 06 EXPM = 0.10006D-01
N = 0.3720 Bl = 0.60742D 06 EXPN = 0.195380 Ol

82 = 0.758)8D-01

AVERAGE VALUES FDR SPECLIFIC VOLUME AND SURFACE

AVERAGE SPECIFIC VOLUME, (V) = 2,30
AVERAGE SPECIFIC SURFACE, (SW) = 4277,
AVERAGE SPECIFIC SURFACE, (SV) = 1856.
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Appendix VI (Continued)

‘t.‘ttttttt.“tt’tt#'t‘##“t..'t SESERREERBLSRRERSRS RSH S S ERRRBERERERERERE GRS ESEREROSERSE
* A

FLOC FRACTION RETAINED ON 65 MESH FIBER LENGTH = 1.74 MM,

LA X X ]
X XXX

SRS EEEASRERSREERNESETE SIS RS S SR RBERSRREE SRR OLESAOARSSREEEREC RS ERERRRE RSO E KRR E KRS E
ORIGINAL DATA

FILTRATION EXPERIMENT COMPRESSIBILITY EXPERIMENT
PRESSURE CHART TIME PRESSURE PAD THICK. SOLIDS CONC.
CM. H20 READING SEC, DYNES/SQCM. INCHES G./CC.
10. 6.68 200,30 8150, 1.6190 0.0475
20. 10.86 325.90 ) 13100. 1.3570 0.0567
30. 14.36 430.80 22900. 1.1024 0.0697
40. 17.44 523,20 : 37700, 0.9158 0.0840
50. 20.07 602.20 62300. 0.7597 0.1012
60. 22.52 675.70 96400. 0.6458 0.1191
70. 24,77 743,00 145800. 0.5537 0.1389
80. 26.86 805. 90
90. 28.83 864. 80
FILT. PAD WT. =11.2212 G. - EQ. VOL. = 75825.40 CC. CONSISTENCY = 0.015 PERCENT
FLOW RATE = B4.9 CC./SEC. H20 VISC. =0.009979 POISE COMP. PAD WT. = 8.8940 G.
FILTRATION RESISTANCE AND MAT SOLLDS CONCENTRATION AS FUNCTIONS OF PRESSURE
PRESSURE AVERKCEATION RESISTRRGE DENSITY
3 (R) R c DP/DY
CM. H20  DYNES/SQCM, CM. /G CM./G. G./CC.
10. 9807, 0.95260 07 0.1403D 08 0.0509 72.08
20, 19613. 0.1171D 08 0.1664D 08 - 0.0658 85.51
30, 29420. 0.13290 08 0.1962D 08 0.0766 100.85
40, 39227, 0.1459D 08 0.22450 08 0.0852 115,37
50, 49033, 0.15840 08 0.24930 08 : 0.0926 128.13
60, 58840, 0.1694D 08 0.2727D 08 . 0.0991 140.14
70. - 68647, 0.1798D 08 0.29420 08 0.1049 151.19
80. 78453, 0.18940 08 0.31430 08 0.1103 161.54
90. 88260, 0.1986D 08 0.33320 08 0.1152 171.24
EXPERIMENTAL EWPIRICAL CONSVANTS
C =™ & 1D ss N) P = BD ¢ BIX{T%2EXPM) + B2 &{T%SEXPN)
WHERE o« WHERE ...
% = 0.16660-02 BO = -0.561620 06 EXPM =  0.,99979D-02
N = 0.3720 81 = 0.53758D 06 EXPN = 0.19052D Ol
B2 = 0.18961D 00

AVERAGE SPECIFIC VOLUME, (V) = 2.27
AVERAGE SPECIFIC SURFACE, (SW) = 4891,
AVERAGE SPECIFIC SURFACE, (Sv) = 2158,
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Appendix VI (Continued)

SESCEEE BRSSO E SRR RERROEREEEA LR CAEREEFICR LGOI VBRGEEERGOSSOEEO SRR BESESEBSESEETELER SO S

FLOC FRACTION RETAINED ON 65 MESH FIBER LENGTH = 2,07 HA,

L X 2 2 X 4
X 2 X X

CSREERR A SRR ESESES RS LR QO R ACEEE LN OSIE RS ORCR IRV SRE RSN K S TSR RS RE KSR RN XK SRS S S S0 S S AR ES
ORIGINAL DATA .

FILTRATION EXPERIMENT COMPRESSIBILITY EXPERIMENT )
PRESSURE CHART TINE PRESSURE PAD THICK. SOLIDS CONC.
CM. H20 READING SEC. DYNES/SQCM.  INCHES G./CC.
10. 6.13 183,86 8150. 2.0490 0.0462
20. 10.20 305. 88 13100. 1.7174 0.0551
30. 13.56 406.80 22900. ] 1.3952 0.0678
40. 16.51 495.36 37700. 1.1590 0.0816
50. 19.13 573.90 . 62300. 0.9615 0.098¢
60. 21.57 667.10 96400. 0.8174 0.1158
70. 23.84 715.14 145800. 0.7008 0.1350
80. 26.00 780.06
90. 21.91 837.18
FILT. PAD WT. =15.3695 G. EQ. VOL. = 76956.90 CC. CONSISTENCY = 0.021 PERCENT
FLOW RATE = 87.4 CC./SEC. H20 VISC. =0.009218 POISE COMP. PAD WT. =10.9453 G.
FILTRAT IOV RESISTAYCE AND AT SOLLDS CONCENTRATION AS FUNCTIONS OF PRESSURE
PRE SSURE AvERRCEATION RESISYfSEEL DENSITY
P (R} R c oP/OT
CM. H20  DYNES/SQCM. CM. /G, CM./Ga G./CC.
10. 9807, 0.76560 07 0.10540 08 0.0495 T3.46
20. 19613, 0.92030 07 0.12800 08 0.0640 89.15
30, 29420. 0.10380 08 0.1496D 08 0.0744 104.21
40, 39227. 0.11370 08 0.16880 08 0.0829 117.59
50. 49033. 0.1226D 08 0.1857D 08 0.0900 129.37
60. 58840, 0.13050 08 0.20120 08 0.0963 140.19
10. - 68647, 0.1378D 08 0.2155D 08 0.1020 150.12
80. 78453, 0.14430 08 0.22890 08 0.1072 159.46
90. 88260. 0.1513D 08 0.2405D 08 0.1120 167.57
EXPERIMENTAL EMPIRICAL CONSTANTS
C =M & (P && N) P = BO ¢ BLH*(TSEXPM) + B2 *(T+&EXPN)
WHERE ... WHERE. . . '
¥ = 0.16200-02 B0 = -0.394920 06 EXPM = 0.99969D-02
N = 0.3720 81 = 0.379010D 06 EXPN = 0.175570 Ol

B2 = 02.57300D 0O

AVERAGE VALUES FOR SPECIFIC VODLUME AND SURFACE

e ve cmcmar ;e tmEmemmEme mmamse Soe Cme———-

" AVERAGE SPECIFIC VOLUME, (V) = 2.19
AVERAGE SPECIFIC SURFACE., (SW) = 4344,
AVERAGE SPECIFIC SURFACE, (SV) = 1983,
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Appendix VI (Continued)

““..tt..t‘.‘t‘t#‘t#t‘.‘t‘t"t“‘..t..‘.“"tt"‘“““.‘tt‘...tt‘t‘...t....‘.t'.‘tt"

L X X2 24

ORIGINAL DATA

FLOC FRACTION REVAINED ON 20 MESH FIBER LENGTH = 2.98VHH.

T Tt sty v 2 2 VR 2R T F A2 22 S 2 22 222 22 2 EE 2 22 g 222 222222 dtdd 2222212122

(X X2 2 )

COMPRESSIBILITY EXPERIHENT

FILTRATIDON EXPERIMENT
PRESSURE CHART T1ME PRESSURE PAD THICK."® SOLIDS CONC.
CHM. H20 READING SEC. OYNES/SQCM. . INCHES Ge /CCe
10. "B.64 259.12 8150. o 2.5497 0.0451
20. 14.49 '434.70 13100. '2.1370 0.0538
30. 19.37 581.17 22900. 1.7361 0.0662
40. 23.79 713.77 37700. 1.4422 0.0797
50. 27.81 834.30 62300. 1.1964 0.0961
60. ) 31.55 . 946,57 96400. 1.0171 0.1131
70; 35.09 .1052.62 145800. 0.8720 0.1319
8O. 38.32 1149.67
90. 4l.16 1234.80 .
FILY. PAD WT, =20.8284 G. EQ. VOL. =110658.80 CC. CONSISTENCY = 0.019 PERCENT
FLOW RATE = 87.6 CC./SEC. H20 VISC. =0.009175- POISE COMP, PAD WY, =13,3006 G.

FILTRATION RESISTANCE AND MAT SOLIDS CONCENTRATION AS FUNCTIONS OF PRESSURE

PRESSURE
P
CM. H20 DYNES/SQCM.
10. 9807,
20. 19613,
30. 29420.
40. 39227,
50. 49033,
60. 58840.
70. 68647,
80. 78453,
90. 88260,

EXPERIMENTAL EMPIR

CaMs
WHERE.. o
¥ =
y

{CAL CONSTANTS

(P %% N)

0.1582D0-02
0.3720

AVEAk EAY!ON RESISTANEE DEng}YV
{R) R C pp/DY
CM. /G CM./G. G./CC.
0.59150 07 0.8555D 07 0.0483 54.74
0.70520 07 0.95400 07 0.0625 61.04
0.79120 07 0.1084D 08 0.0727 69.36
0.8589D0 07 0.12110 08 0.0809 17.49
0.9186D 07 0.1329D 08 0.0879 85.01
0.97150 07 0.1438D0 08 0.0941 92.02
0.1019D 08 0.156410 08 0.0996 98.60
0.10670 08 0.16340D 08 0.1047 104.58
0.11170 08 0.1716D 08l 0.1094 109.78
P = BD + BLH®(T*%EXPM) + B2 *(T**EXPN)
WHERE e«
BO = -0.58421D 06 EXPM = 0.100090-01
Bl = 0.55739D 06 EXPN = 0.176100 01

AVERAGE VALUES FOR SPECIFIC VOLUME AND SURFACE

AVERAGE 'SPECIFIC VOLUME, (V) = 2.11
AVERAGE SPECIFIC SURFACE, (SW) = 3779,
AVERAGE SPECIFIC SURFALE, (SV) = 1790,

B2 = 0.26444D 00
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Appendix VI' (Continued)

.‘....‘ctt‘t.‘tt“tt“‘t‘t...it FEEER RN RERRE S AR NS EERPESSE SIS S SRS R ESSEEEREEREEES 0SS

FLOC FRACTION REIAI“ED ON 10 MESH FIBER LENGTH = 4,13 MM,

*eRen
L2 X X X1

KOOSR RESERRISERRERRERARRE SRS SRS EE SRR REEISRIRRABERCR ORI ERRAS SRS EE S S SR ES BN RS
ORIGINAL DATA

FILTRATION EXPERIMENT COMPRESSIBILITY EXPERIMENTY
PRESSURE CHART TINKE PRESSURE PAD THICK. SOLIDS CONC.
CH. H20 READING SEC. DYNES/SQCM. INCHES G./Cl.
10. 8.11 243.30 8150. 2.2036 0.0452
20. 13.51 4%05.30 13100. 1.8469 0.0540
30. lé.lh 544,30 22900. ; 1.5004 0.066%
40. 22.51 675.40 37700. 1.2465 0.0800
50. 26.39 791.60 62300. . 1.0340 0.0964
60. 30.17 90%.10 96400. 0.8790 0.1134
70. 33.80 1014.10 145800, 0.7536 0.1323
80. 37.29 1118.80
90. 40.71 1221.40
FILT. PAD WT. =30.3815 G. EQ. VvOL. =111436.70 CC. CONSISTENCY = 0.027 PERCENT
FLOW RATE = 90.0 CC./SEC. H20 VISC. =0.008551 POISE COMP. PAD WT. =11.5314 G.

FILTRATION RESISTANCE AND MAT SQOLIDS CONCENTRATION AS FUNCTIONS OF PRESSURE

FILYRATION RESISTANCE MAT
PRESSURE AVERAGE LOCAL DENS [TV
P (R) R c oP/OT
CM. H20  DYNES/SQCM. CMe /G CM./G. G./CC.
10. 9807. 0.4424D 07 0.58700 07 0.0485 ’ $3.48
20. 19613, 0.5312D 07 0.72610 07 0.0627 66,16
30. 29420. 0.59330 07 0.,81110 07 0.0729 73.89
40, 39227, 0.63750 07 0.87540 07 0.0812 79.85
50. 49033, 0.67990 07 0.92660 07 0.0882 84.42
60. 58840. 0.71350 07 0.97050 07 0.0944 88.42
70. 68647, 0.74300 07 0.10090 08 0.1000 91.93
80. 78453, " 0.7697V 07 0.1043D 08 0.1050 95,04
50. 88260. 0.7931D 07 0.1074D 08 0.1098 97.89
EXPERIMENTAL EWPIRICAL CONSTANTS
C =M & (P % N) ‘ P = BO ¢ BLE(TH*EXPM) ¢ B2 S(T#&EXPN)
WHERE... WHERE. ..
¥ = 0.15870-02 B0 = 0.13216D 06 EXPM = 0.999970-02
N = 0.3720 Bl = ~0.12608D 06 EXPN = 0.132130 01

B2 = 0.76378D 01 °

AVERAGE VALUES FOR SPECIFIC VOLUME AND SURFAC

AVERAGE SPECIFIC VOLUME, (V) = 1,66
AVERAGE SPECIFIC SURFACE, (SW) = 3139,
AVERAGE SPECIFIC SURFACE, (SV) = 1895,
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Appendix VI (Continued)

‘#‘.‘tlt.‘;i.t.“‘.‘t““‘l‘tt‘t‘...“.t"““k.t"#tt‘.“..“‘“‘tt““‘ttt“‘t.‘l.“‘

* *
E WHOLE PULP RETAINED ON 65 MESH FIBER LENGTH = 1.49 MM. E
:t‘tttttt“.‘l..t.#‘t.“tt"t#t#tt‘tttttt.tttt##‘t **eeRE& v.ttt.ttt‘ttt“tt‘.:
ORIGINAL OATA
FILTRATION EXPERIMENT ' COMPRESS IBILITY EXPERIMENT
PRESSURE CHART TIME PRESSURE PAD THICK. SOLIDS CONC.
CM. H20 READING SEC. DYNES/SQCM. _ INCHES G./CC.
10. 6.7 201.30 8150. 1.5735 0.0468
20. 10.93 327.90 13100. 1.3188 0.0559
30. 14.28 428,40 - 22900. } 1.0714 0.0688
40. 17.08 512440 37700. - 0.8900 0.0828
50. 19.62 588.60 62300. 0.7383 0.0998
60. 21.73 651.90 96400, 0.6277 0.1174
70. 23.84 715.20 165800. 0.5381 0.1370
80. 25.717 773.10
90. 27.42 822.60 4
FILT. PAD WT. = 9.8641 G. EQ. VOL. = 66882.94 CC. CONSISTENCY = 0,015 PERCENT
FLOW RATE = 77.3 CC./SEC. H20 V1SC. =0.009571 POISE COMP. PAD WT. = 8.5246 G.
FILTRATIOV RESISTANCE AND MAT SOLIDS CONCENTRATION AS FUNCTIONS OF PRESSURE
PRE SSURE - ‘vzakggAIxon RES'SIANCEL nenéirv
P ' {R) C oP/OT
CM. H2D  DYNES/SQCM. CMe/Ge CM./G. G./CC,
10. 9807. 0.1196D 08 0.1703D 08 0.0502 69.36
20. 19613, 0.14690 08 0.2159D 08 0.0649 87.93
30. 29420, 0.16860 08 0.2628D 08 0.0755 107.03
40. 39227, 0.18800 08 0.3050D 08 0.0840 124.20
" 50, 49033, 0.2046D 08 0.34460 08 0.0913 140.35
60. 58840. 0.2216D 08 0.37820 08 0.0977 154.03
10. - 68647, 0.23570 08 0.41230 08 0.1035 167.91
" 80, 78453, 0.24920 08 0.4438D 08 0.1088 180.73
90. 88260, 0.26350 08 0.47290 08 0.1136 191.78
EXPERIMENTAL EMPIRICAL CONSTANTS
C =M * (P *& N) T P = B0 ¢ BIS(TH#SEXPM) + B2 #(T*¢EXPN)
WHERE ... WHERE...
M = 0.1643D-02 . BO = -0.51176D 06 EXPM =  0.99991D-02
N = 0.3720 81 = 0.490500 06 EXPN = 0.202710 Ol

B2 = D,92674D-01

AVERAGE VALUES FOR SPECIF[C VOLUME AND SURFACE

" AVERAGE SPECIFIC VOLUME, (V) = 2.48
AVERAGE SPECIFIC SURFACE, (SW} = S616.
AVERAGE SPECIFIC SURFACE, (SV) = 226l.
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Appendix VI (Continued)

SEEABEERESERRERERAEEIAREERESS IS SRR EBEE LN RS S XRE SR SR BADEESEERRREEER RSSO UOSEIRORE
*

WHOLE PULP RETAINED ON 20 MESH FIBER LENGTH = 2.T76 MM,

L X R X 32
*rwen

SEERSEEASE LR ECRRRARLRCCERNRRBS R ERD AR EEXFSESRESFSIRBEESEOEBERENSSELFNLEEESL0SEELE0E0R
ORIGINAL DATA

FILTRATION EXPERIMENT . COMPRESSIBILITY EXPERIMENT
PRESSURE CHART TIME PRESSURE PAD THICK. SOLIDS CONC.
CM. H2D READ NG SEC. DYNES/SQCM.  INCHES G~ /CCa
10. 6.29 188,70 8150. 2.7308 0.0442
20. 9.82 294.60 13100. 2.2888 0.0527
30. 12.90 387.00 22900. A 1.8594 0.0649
40. 15.50 465.00 37700. 1.5647 0.0781
s0. 17.76 532,80 62300. 1.2814 0.0942
60. 19.97 599,10 96400. 1.0893 0.1108
70. 22.00 660. 00 145800. 0.9339 0.1292
80. 23.80 “T14.00
90. 25.39 761.70
FILF. PAD WT. =17.1414 G. EQ. VOL. = 61389.57 CC. CONSISTENCY = 0.028 PERCENT
FLOW RATE = 77.3 CC./SEC. H20, VI SC. =0.009686 .POISE COMP. PAD WT. =13.9570 G.
FILTRATIOV RESISTANCE AND MAT SOLIDS CONCENTRATION AS FUNCTIONS OF PRESSURE
FILTRATION RESISTANCE MAT
PRESSURE AVERAGE LOCAL DENS [TY
P (R} R c DP/DT
CM. H2)  DYNES/SQCM. CM. /6. CM./G. G./CC.
10. 9807. 0.66600 07 0.1135D 08 0.0473 88.59
20. 19613. 0.85320 07 0.12770 08 0.0613 99.62
30. 29420. 0.9743D 07 D.14860 08 0.0712 115.91
40, 39227, 0.1081D 08 0.1687D 08 0.0793 131.63
50. 49033, 0.1179D 08 0.1873D 08 0.0861 146,11
60. 58840. 0.12590 08 0.20600 08 0.0922 160.73
10. - 68647. 0.13330 08 0.2236D 08 0.0976 174,45
80. 78453, 0.1408D 08 0.2394D 08 0.1026 “186.79
90. 88260. 0.1485D 08 0.2535D 08 0.1072 197,79
EXPERINENTAL EMPIRICAL CONSTANTS
Cz=Me (P e N) P = BO + BLE(T*4EXPM) + B2 #(TO*EXPN)
WHERE, .., WHERE . . .
M = 0.1550D-02 80 = -0.78906D 06 EXPM =  0.999680-02
N = 0.3720 8l = D.753910 06 EXPN = 0.19982D O}

B2 = 0.124530 00

AVERAGE VALUES FOR SPECIFIC VOLUME AND SURFACE

AVERAGE SPECIFIC VOLUME, (V) = 2.47
AVERAGE SPECIFIC SURFACE, (SW) = 4372.
AVERAGE SPECIFIC SURFACE, (SV) = 1769,
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Appendix VI (Continued)

L2 & X X}

WHOLE PULP RETAINED ON 10 MESH FIBER L

ENGTH = 3.88 MM,

ERR R AR S RER R R SR EERE SRS RS E R RN RS R R RS R XA LSRR R B AR R R E S SRR EREES P EE R E S S EE R AR SRR BB
N N *

L2 2 2]

SEENSREEEEERX KNSR R RS L AR RF RN SR RAE RS RS SRR F RSN B S R SRR LB OE A S RAE AR S SRR EEE R ER RS E S S B E

ORIGINAL DATA

FILTRATION EXPERIMENT

PRESSURE CHARTY
CM. H20 READING
10. 8.00
20. 13.40
30. 17.75
40. 21.77
50. 25.33
60. 28,72
70. 31.95
80. 34.86 1
90. 37.65 1
FILT. PAD WT, =24.8004 G. EQ. VOL.
FLOW RATE = 77.3 CC./SEC. H20 VISC.

PRESSURE
[
CM. H2D DYNES/SQCM.

10. 9807.
20. 19613.
30. 29420.
40. 39221,
50. 49033,
60. 58840.
70. - 68647,
80. 78453,
90. 88260.

EXPERIMENTAL EMPIRICAL CONSTVANTS

C =M« (P %¢ N)

WHERE .«
M = 0.1579D-02
N = 0.3720

AVERAGE VALUES FOR SPECIFIC VOLUME AND

" AVERAGE SPECIFIC VOLUME, (V) = 2,08
AVERAGE SPECIFIC SURFACE, (SW) = 3608
AVERAGE SPECIFIC SURFACE, (SV) = 1732

TINE

SEC.

240.00
402.00
532,50
653.10
759.90
861.60
958.50
045,80
129.50

= 90146.69 CC.
=0, 009709 POISE

COMPRESSIBILITY EXPERIMENT
DYNES/SGCM. TRenES e

8150. 3.4449
13100. 2.8874
22900. . 243457
37700 1.9486
62300. 1.6165
96400. 1.3742
1645800, 1.1782

CONSISTENCY =.0.028 PERCENT

CONP. PAD WT.

=17.9365 G.

0.53020
0.63310
0.71590
0.77940
0.8373D
0.88620
0.9294D
0.97350
0.1014D

mo

o7
07
o7
Q7
o7
o7
07
07
08

ATION RESISTANEE
LOCAL

R
CM./G.

0.7184D 07
0.88240 07
0.1012D 08
0.11260 08
0.12220 08
0.13100 08
0.1390D 08
0.14600 08
0.1526D 08

0.0482
0.0625
0.0726
0.0808
0.0877
0.0939
0.0994
0.1045
0.1092

P 3 BO + Bl®(T*#EXPM) + B2 &(T**EXPN)

WHERE. ..

BO = -0.23048D 06
0.220940 06
0.106640 01

SURFACE

EXPM = 0.100190-01
EXPN = 0.15996D 01

bP/DT

55%.36
68.00
78.00
86.77
94.17
100.92
107.13
112.54
117.58

0.0661
0.0796
0.0959
0.1128
0.1316
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Appendix VI (Continued)

FILTRATION EXPERIMENT

WHOLE PULP -- NOT CLASSIFIED

COMPRESSIBILITY EXPERIMENT

PRESSURE CHART TIME RESSURE PAD THICK.
CH. H20 READING SEC. BYNES/ SacH. INCHES

10. 6.07 182.10 8150, 2.1378
20, 9.50 285,00 13100. 1.7918
30. 12.30 369.00 22900. 1.64557
40. 14.69 440.70 37700. 1.2093
50. 16.83 504.90 62300, 1.0032
60. 18.80 564. 00 96400. 0.8528
70. 20.65 619.50 145800. 0.7311
80. 22.37 671.10 '
90. 23.88 716.40

FILT. PAD WT. =13.5742 G. EQ. VOL. = $8602.66 CC. CONSISTENCY = 0.023 PERCENT

FLOW RATE = 77.3 CC./SEC. H20 VISC. 30.009436 POISE COMP. PAD WT. =10.9475 G.

FILTRATION RESISTANCE AND MAT SOLIOS CONCENTRATION AS FUNCT [ONS OF PRESSURE

FILTRATION RES[STANEE
AVERAGE LOCAL

PRESSURE
P (R) R

CN. H20 DYNES/SQCM. CM. /. CHM./G.
10. 9807. 0.8540D 07 0.1355D 08
20. 19613. 0.1091D 08 0.16960 08
30. 29420. 0.12640 08 0.20090 08
40, 39227, 0.1412D 08 0.22830 08
50. 49033, 0.15400 08 0.25300 08
60. 58840. 0.1654D 08 0.27570 08
70, . 68667, 0.17570 08 0.29690 08
80. 78453, 0.1854D 08 0.31650 08
90. 88260. 0.1958D 08 0.33370 08

FXPERIMENTAL EMPJRICAL CONSTANTS

C =M & (P #& N)

WHERE ...

% = 0.15530-02
N = 0.3720

0.
0.
0.
0.
0.
0.
0.
0.
0.

0474
0614
0714
0794
0863
0924
0978
1028
1074

" P = B0 ¢ BLE(THSEXPM) + B2 #(T*2EXPN)

WHERE. .o

= -D.40881D 06
0.391560 06
0.378690 00

AVERAGE VALUES FOR SPECIFIC VOLUME AND SURFALE

AVERAGE SPECIFIC VOLUME, (V) = 2.52
AVERAGE SPECIFIC SURFACE, (SW) = 5003,
AVERAGE SPECIFIC SURFACE, (SV) = 1985,

999999999999999999999999999999999999999

EXPM =
EXPN =

0.100010-01
0.186250 01

op/DT

85.43
106.92
126.69
143.98
159.53
173.82
187,20
199.58
210.39

@
]
»
L
*
*
*

0.0650
0.0783
0.0943
0.1110
0.1295
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APPENDIX VIT

‘HISTORICAL PROGRAM AND OUTPUT FOR CALCULATION OF S§w>

RESISTANCE AND COMPRESSIBILITY DATA

AND <y> AS FUNCTIONS OF PRESSURE FROM FILTRATION
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Appendix VII (Continued)

HEERSR SRR RSP RERS B ERREE SRS AR RRRERE R ORALUE SR SIS VSR RERISPRNBRSA R SR SRR RASRFRIEESDSE SR

FIELD FRACTION RETAINED ON 65 MESH FIBER LENGTH = 1.63 MM.

*hewn
L2 2 X X

CRESEREREEEABORSR LG EE SR A RAI SR RS EEIEREREERER AL IR ISEBRNREBOENILERZEREE SR SR RARRENES SR LSS
OREGINAL DA!A

FILTRATION EXPERIMENT COMPRESSIBIL ITY EXPERIMENT
O Bl WS T R U
10. 7.46 .223.90 ’ 0. 0.0 0.0
20. - 11.68 350,50 0. 0.0 0.0
30. 14.91 447.30 9037. " 1.0338 0.0517
40. 17.55 526450 13998, 0.8665 0.0616
50. 19.80 594.00 23806, 0.7039 0.0759
60. 21.87 656.00 38507. 0.5848 0.0913
70. 23.70 710.90 63034, 0.4851 0.1101
80. 25.29 758.70 : 97015. 0.4124 0.1295
90. 26.76 802.90 146113, 0.3536 ’ 0.1510
FILY, PAD WT. = 6.7979 G. EQ. VvOL. = 65132.20 CC. CONSISTENCY = 0.010 PERCENT
FLOW RATE = 78.6 CC./SEC. "H20 vISC. =0. 008705 POISE . COMP, PAD WT. = 6.1767 G.

FILTRATION RESISTANCE AND MAT SOLIDS CONCENTRATION AS FUNCT IONS OF PRESSURE

PRESSURE 5&%f§?l§8§ EGLC%S%&E?ION DP/(T#SQRT(CP)) cPre3

CM. H20 DYNES/SQCM. CM. /6. G./CC.
10. 9807. .1612€ 08 0.0537 189.0S 0.15470-03
20.° 19613, +2059€ 08 0.0701 211.38 0.34420-03
10, 29420, .2420€ 08 0.0819 229.80 0.54970-03
40. 39227, .2742€ 08 0.0915 266430 0.76620-03
50, 49033, .3038E 08 0.0997 261.42 0.99130-03
60, 58840. .3301E 08 0.1070 274.26 0.12230-02
700 68647, +3553E 08 0.1135 . 286.64 0.14620-02
‘80, 78453, .3805E 08 0.1195 ~299.16 0.17050-02
‘ -90. 88260. +404SE 08 0.1250 310.90 0.19540-02

M =0.1563D-02 N =0.3848

HYDROOYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS OF PRESSURE

PRESSURE v SW SV

CHM. H20 €C. /6. SQCMe /Go SQCM./CC.
10. 3.80 6502.79 1712.43
20. 3.30° 6467,64 1958.15
30. 3,03 6478.16 2140.98
40, 2.84 6502,60 2293.49
50. 2.69 6532448 2427.39
60, 2.58 6566,57 2548.41
10, 2.48 6597.43 2659.87
80, 2.40 6630,34 2763.86
90. 2.33 ' 6662494 2861.80

AVERAGE VALUES FDR SPECXFIC VOLUME AND SURFACE

AVERAGE SPECIFIC VOLUME = 2.83 CC./G, .
AVERAGE SPECIFIC SURFACE, SW = 6548,77 SQCM./G.
AVERAGE SPECIFIC SURFACE, SV = 2374.06 SQCM./CC.
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Appendix VII (Continued)

*BRCEEESEOEED 0N #tttt‘t‘“.ﬁ‘.“‘t’t.“.““0.”‘....t‘t“..‘."..‘..‘..O‘.““‘tt‘..“t.

FIELD FRACTION RETVAINED ON 20 MESH FIBER LENGTH = 3,05 MM,

LA X R X
(XXX X ]

CREOSREUSORREFE ST SR EIREISRIESRSREISERRERRABRERRET AR AR SIS EE SRR RN SRR ACESER IR EES05 50
ORTGINAL DAYA

FILTRATION EXPERIMENT : COMPRESSI@ILITY EXPERIMENT
PRESSURE CHART TIME PRESSURE PAD THICK. SOLIDS CONC.
CM. H20 READING SEC. DYNES/SQCM. G./CC,
10. 7.15 214,42 0. 0.0 0.0
20. 11.12 333,52 0. 0.0 0.0
30. 14,13 423,82 9037. 1.2830 0.0491
’ 40, 16,67 500417 13998. 1.0754 0.0586
50. 18.9¢ 568.13 ... 23806. 0.8736 0.0721
60, 20.81 624,30 38507, 0.7258 0.0868
70. 22.58 677.32 63034. 0.6021 0.1047
80. 24.20 126.15 " 97015. 0.5118 0.1231
90. 25.68 770.47 146113, 0.4388 0.1436
FILT. PAD WTe = 9.7035 G. EQ. VOL. = 62375.00 CC. CONSISTENCY = 0.016 PERCENT
FLOW RATE = 7842 CC./SEC. H20 VISC. =0.009299 POISE. COMP, PAD WT. = 7.2896 G.

FILTRATION .RESISTANCE AND MAT SOLIDS CONCENTRATION AS FUNCTIONS DF PRES SURE

PRIESSURE ﬁé%f%?lk?? 26LC23%&2§10N OP/{V#SQRT(CP)) CPee3
CM. H20 DYNES/SQCM. CM. /G G./CC.
10. 9807. «1066E 08 0.0510 202.43 0.13300-03
20. 19613, «1370€ 08 0.0666 227.79 0.29600-03
30. 29420, .l617€ 08 0.0779 248,71 0.47270-03
40. 39227. .1827¢ 08 ' 0.0870 265.87 0.6588D-03
50, 49033, «2011€E 08 0.09¢8 280.29 0.8524D-03
60. 58840. <2196E 08 . 0.1017 295.53 0.1052D-02
70. 68647, «2362C 08 0.1079 308.51 0.12570-02
80, - 78453, .2517E 08 0.1136 320.53 0.14660-02
90. 88260. «2669E 08 . 0.1189 332.26 + 0.1680D-02

M =0.1486D0-02 N =0.3848

HY DRODYNAMIC SPECIFIC VOLUHE AND SURFACE AS FUNCT!ONS OF PRESSURE

PRESSURE v SW sv
CM. H20 CC./G. SQCM./6G. SQCM./CC.
10. 4,14 . 5435.06 1312.66
20. 3.52 5412405 1538.66
30. 3.18 5424.29 1703.87
40. 2.96 5446419 1840.14
50. 2.79 " 5471.41 1958.76"
60. 2.66 5497.68 2065.24
70. 2.55 5524,06 2162.72°
80. 2.46 5550.12 2253.19 °
90. 2.38 5575.64 2338.02
AVERAGE VALUES FOR SPECIFIC VOLUME AND SURFACE . AL

AVERAGE SPECIFIC VOLUME = 2.96 CC./G. ’ R
AVERAGE SPECIFIC SURFACE, SW =  5481.83 $SQCM./G. ' s R
AVERAGE SPECIFIC SURFACE, SV = ' 1908.14 SUCM./CC. o
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SECERSREEEREERFERNBRERESEH SR SRS ST EAESEBESRRA RS RE S EEANP PR & s ssEBeRs0 NS

. 3 . LR . . . *

* .

: FIELD FRACTION RETAINED ON 10 MESH FIBER LENGTH = 3.94 MM, :
Ny )

. *

ORIGINAL DATA

BEE ARSI LB ES KSR RAFEER LS R AR RE BB E AR BEE SRR S E R RAE RS E RS S OENE LR SEFA DRSS EREES KX AR RS GS 4

FILTRATION EXPERIMENT COMPRESSIBILITY EXPERIMENT
PRESSURE CHART TINE PRESSURE PAD THICK. "SOLIDS CONC.
CM. H20 READING SEC. DYNES/SGCM. INCHES Ge/CCa
10. 9.27 218.10 0. 0.0 0.0
20. 14.90 447.00 0. 0.0 0.0
30. 19,51 585420 9037. 2.0327 0.0479
40. . 23.48 704.40 13998, 1.7037 0.0571
50. 27.11 813.30 23806. 1.3841 0.0703
60. 30.42 912.70 38507, 1.1498 0.0846
70. 33.36 1000. 80 63034, 0.9538 0.1020
80. 36.12 1083.50 97015, 0.8109 0.1200
90. 38,68 1160.40 146113, 0.6952 0.1399
FILT. PAD WT. =16.8514 G. EQ. VOL. = 97743.30 CC. CONSISTENCY = 0.017 PERCENT
FLOW RATE = 81.1 CC./SEC. H20 VISC. =0.009028 POISE COMP. PAD WT. =11.2539 G.

FILTRATION RESISTANCE AND MAT SOLIDS CONCENTRATIDN AS FUNCT [ONS OF PRESSURE

PRESSURE Eé%{g?{kg? EGLCES%&2§ION DP/{T#SQRT(CP)) Cpss3
CM. H2D DYNES/SQCM, CM./G. G./CC.
10. 9807, «7109E 07 0.0497 158.11 0.12300-03
20. 19613. «8846E 07 0.0649 172.18 0.27390-03
30. 29420, - 1014E 08 ,0.0759 182.47 0.4374D~-03
40. 39227. .1123€ 08 0.0848 191.24 0.6096D-03
50. 49033. «1215€ 08 0.0924 198.34 0.78880-03
60. 58840. «1300t 08 0.0991 204.78 0.97350-03
70. 68647, «1383E 08 0.1052 211.51 0.11630-02
80. 18453, - 1460E Q8 0.1107 217.61 0.13570-02
90. 88260. +1533E 08 0.1158 223.47 0.15550-02
M =0.1448D-02 N 20,3848

HYDROODYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS DF PRESSURE

PRESSURE v W sv

€4, H20 CC. /6. SQCM. /6. SQCM./CC.
10. 3.7 4451.23 1189.68
20. 3.12 4376.03 1401.97
30. 2.81 4347.00 1547.32
40. 2.61 4333.72 1662.26
50. 2.46 4327.91 1759.22
0. 2.35 4326.22 1844.20
10. 2.25 . 4327.08 1920.47
80. 2.18 4329.48 1990.12
90. 2.11 433301 2054.51

AVERAGE VALUES FOR SPECIFIC VOLUME AND SURFACE

AVERAGE SPECIFIC VOLUME = 2,62 CC./G.
AVERAGE SPECIFIC SURFACE, SW = 4350.18 SQCM./G.
AVERAGE SPECIFIC SURFACE, SV = 1707.7% SQCM./CC.




ORIGINAL DATA

FILTRA
PRESSU
CM. H2

10.
20.
30.
40.
50.
0.
710.
80.
90.
FILT. PAD WT. al
FLOW RATE = B4.9

FILTRATIOM RESIS

-1h2-

Appendix VII (Continued)

CEESESESERSISERNSERBIRBEENSINE LS RSOSSN ERSRROSS RS REEEE SRS RS REESRSRS LSS

FLOC FRACTION RETAINED ON 65 MESH FIBER LENGTH = 1,74 MM,

*#E00e
L2 2 X

.."....."..tt‘.“..‘lt.t...‘.“‘.“...‘..“O.‘.‘..“‘.‘.“.“.“.‘t‘.t......‘t‘.‘....

TION EXPERIMENT COMPRESSIBILITY EXPERIMENT

B RMhe IS PR, RN s oo
6.68 200.30 0. 0.0 0.0
10.86 325.90 0. 0.0 0.0
14.36 430,80 9037. 1.6190 0.0675
17.44 523.20 13998, 1.3570 0.0567
20.07 602.20 23806. 1.1024 0.0697
22.52 675.70 38507, 0.9158 0.0840
26.77 743.00 63034, o 0.7597 0.1012
26.86 805.90 97015. 0.6458 0.1191
28.83 864.80 146113, 0.5537 0.1389

1.2212 G. €Q. VOL. = 75825.40 CC. CONSISTENCY = 0.015 PERCENT

CC./SEC. H20 VISC. =0.009979 POJSE COMP. PAD WT. = 8.8940 G.

TANCE AND MAT SOLIDS CONCENTRATIDN AS FUNCT IONS OF PRESSURE

p

CM. H2

10.
20.
30.
40.
50.
60,
70.
80.
90.

HYDRODYNAMIC SPE

P
[+

AVERAGE VALUES F

AVERAGE SPE
AVERAGE SPE
AVERAGE SPE

RESSURE §E§{§¢Ihg9 EGLC23%§2¥ION DP/ (T#5QRT(CP)) CPee3

0 DYNES/SQCM. CM, /G, G./CC.
9807. «9493E 07 0.0494 220.39 0.12020-03
19613. «1167€ 08 0.064¢ 237.08 0.26760-03
29420. «1324€ 08 0.0753 248.84 0.42730-03
392217. A <1454 08 0.0841 258 .48 0.5956D0-03
49033, «1579€ 08 0.0917 268.91 0.77060-03
58840. «1688E 08 0.0983 277.68 0.95110-03
68667, «1791E 08 0.1044 286,01 0.1136D-02
78453, .1887€ 08 0.1099 293.71 0.13260-02
88260. «1979€ 08 0.1149 301.02 0.15190-02
M =0.1437D0-02 N =0,.3848

CIFIC VOLUME AND SURFACE AS FUNCTIDNS OF PRESSURE

RESSURE v Sw Sy
M. H20 cC. /6. SQCM. /6. SQCM./CCe.
10. 3.45 510659 1482.25
20. 2.97 50164.75 1689.16
30. 2.72 4976.48 1832.29
' 40. 2.55 4957.42 . 1946.63
50. 2.42 4947,.78 2043,47
60. 2.32 4943,51 2129.04
70. 2.24 4942.61 2206.27
80. 2.17 4963.93 2277.14

90. 2.11 4946.80 2342.96

OR SPECIFIC VOLUME AND SURFACE

CIFIC VOLUME = 2.55 CC./G.
CIFIC SURFACE, SW = 4975.54 SQCM./G.
CIFIC SURFACE, SV = 1994.33 SQCM./CC.
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Appendix VII (Continued)

SRR SRR PARBREEXE N SRR R EREBR LB SRS REEREREI RIS SV ERE R 0N

aeRTES

ORIGINAL DATA

FILTRATION EXPERIMENT

PRESSURE
CM. H2D

10.
20.
30.
40.
50.
60.
10,
80.
90.

FLOC FRACTION RET‘!NED ON 65 MESH

CHART Tl ME

READING SEC.

6.13 183.84
10.20 305.88
13.56 406, 80
16.51 495.36
19.13 573.90
21.97 647.10
23.8¢4 715.14
26,00 780. 08
27,91 837.18

FILT, PAD WT. =15,3695 G.
FLOW RATE = 87.4 CC./SEC.

EQ. VOL. = 74956.
H20 vISC. =0.009

30 CC.
218 POISE ..

FIBER LENGTH = 2,07 MM,

SERAEREERRRRERERXAS R RAER SRR RO RASRENRR PR S X AR BAB S B RS KA RRES

CONPRESSIB[LITY EXPERIMENT

SSURE

DVNESISQCN.

0.

0.

9037.
13998.
23806.
38507.
63034.
97015,
146113,
CONSISTENCY

= 0.02]1 PERCENTY
COMP, PAD WT. =10.9453 G.

FILTRAT JON .RESISTANCE AND HAT SOLIDS CONCENTRATION AS FUNCTIDNS OF PRESSURE

PRESSURE RESTSAANGE
CH. H20 DYNES/SQCM. CM. /G,
10. 9807. «7629€ 07
20. 19613, «9171E 07
30. 29420. «1034E 08
40. 39227. «1133€ 08
50. 49033, «1222€ 08
60. 58840, .1300€ 08
70. 68647, «1373E 08
80. 78453, .1438€ 08
90. 88260, 1508 08

M =20.13970-02

HYDROOYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS OF PRESSURE

PRESSURE
H2D

CM.

10.
20.
30.
40.
50.
60.

70.

80.
90.

v
CCe/Ge

3.18
2.81
2.60
2.46
2.35
2,26
2.19
2.13
2.07

AVERAGE VALUES FOR SPECIFIC VOLUNE AND SURFACE

AVERAGE SPECIFIC VOLUME =
AVERAGE SPECIFIC SURFACE,
AVERAGE SPECIFIC SURFACE,

2.45 CC. /G,
SW = 4423.75
SV = 1835.45

CONCERFRDT 1on P/ {T#SQRT(CP 1) Cree3
Ge/CC.
0.0480 243.50 0.11050-03
0.0627 256.16 0.264600-03
0.0732 267.24 0.39280-03
0.0818 276.86 0.54760-03
0.0891 286.16 0.7084D~-03
0.0956 294 .05 0.8744D-03
0.1015 301.35 0.10450-02
0.1068 307.73 0.12190-02
D.1118 315.34 0.1396D-02
N =0.3848
SW sy
SUCM./G. sQCcM./CC,
4560.27 1632.07
4474.97 1592.44
44364.63 1705.33
4411.70 1796.01
4397.75 1873.42
4389.13 1941.86
4383.98 2003.75
4381.20 2060.63
©380.12 2113.82

SQCM. /6.
SQCM./CC.

.l...“t.‘t.:

t 4

*

[

*

L 4 E 1] e ey

PAD THICK. SOL1

NCHES 6. /C

0.0 0.0

0.0 0.0
2.0490 040462
1.7174 0.0551
1.3952 0.0678
1.1590 0.0616
0.9615 0.0984
0.8174 0.1158
0.7008 0.1350
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Appendix VII (Continued)

CEAFFLEOEREROLGIVHSAIOS SRR ESCESASTBVEN XD EVREE SR SIS VA2 NRSORRREREIVB LSS RASIRIE SRR N6 S S

L2 XX 2]

-
‘
: FLOC FRACTION RETAINED ON 20 MESH FIBER LENGTH = 2.98 MM,
¢
*

SEREES AR EECERRERE R SRR SAERERE DI EESEE LAV SEBABIVBAPC S SRS RIBBSEIREB RSP CESSESOSR
ORIGINAL DATA

FILTRATION EXPERIMENT . COMPRESSIBILITY EXPERIMENT
PRESSURE CHART TIME PRESSURE PAD THICK. SOngs CONC.
CM. H2D READING SEC. DYNES/SQCM. INCHES ] G./7CC.
10. B.64 259,12 0. 0.0 0.0
20. 14.49 436,70 0. 0.0 0.0
30. 19.37 - 581,17 9037. 2.5497 . 0.0451
40. 23.79 713.77 13998. 2.1370 0.0538
50. ' 27.81 834,30 23806, 1.7361 0.0662
4 60, 31.55 946.57 38507, 1.4422 0.0797
70. 35.09 1052.62. . - 653034, 1.1964 0.0961
80. 38,32 1149.67 97015. 1.0171 0.1131
90. 41.16 1234.80 146113, 0.8720 0.1319
FILT., PAD WT. =20.8284 G, EQ. VOL. =110658.80 CC. CONSISTENCY = 0.019 PERCENTY
FLOW RATE = 87.6 CC./SEC. H20 VISC. =0.009175 POISE COMP. PAD WT. =13.3006 G.

FILTRAT 10V RESISTANCE AND MAT SOLIDS CONCENTRATION AS FUNCTIONS OF PRESSURE

FILYRATION MAY SOLIDS
PRESSURE RESISTANCE CONCENTRAT ION OP/{T®SQRY(CP)) CPss}

CM, H2D DYNES/SQCM. CM. /G. G.ICF;
10. 9807. «5894E 07 0.0469 174.82 0.10290-03
20. 19613, +7027€ 07 0.0612 182.40 0.22910-03
30. 29420. . 7884E 07 0.0715 189.28 0.36590-03
40. 39227. «8559€E 07 0.0799 194,43 0.51000-03
50. 49033, -9153E 07 0.0871 199.19 0.65980-03
60. 58840. «9681E 07 0.093¢ X 203,41 0.8144D0-03
70. 68647, .1016E 08 0.0991 207.17 . 0.97300-03
80. T8453. «1063€ 08 0.1043 211.28 0.11350-02
90. 88260. .1113E 08 0.1092 i 216.%5 0.13000-02

M =0.13640-02 N =0.3848

HYDROOYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS OF PﬂESSURE

PRESSURE v Sw SV

CM. H20 CC./G. SOCM./G. SQCM./CC.
10, 3.07 . 4014.35 ©o.c .1309.66
20. 2.67 3922.65 © 1468.05 .
30. 2.06 3876.80 1575.46
40, 2.32 3848,76 1659.86
50. 're.21 3829.86 1730.78
60. 2.13 3816,.39 1792.71
70. 2.06 3806.53 1848.16
80. 2.00 3799.18 1698.68
90. 1.95 3793.67 1945.31

AVERAGE VALUES FOR SPECIF!C VOLUME AND SURFACE

AVERAGE SPECIFIC VDLGHE = 2.32 CC./G.
AVERAGE SPECIFIC SURFACE, SW = 3856444 SQCM./G.
AVERAGE SPECIFIC SURFACE, SV = 1692.07 SQCM./CC. . . -
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Appendix VII (Continued)

- FIBER LENGTH = 4,13 MM,

asssksd

‘tHERR

SEERXBS LSS ERCEAE SR VARAASRLI RS RS RS EXBRERRBELERE QS LR SURSB S P BEE SRR S SR LA TERERESECR SR SR SRR 0K

ORIGINAL OAYA

FILTRATION EXPERIMENT

PRESSURE
CM. H20

10.
20.
30.
40.
50.
60.
70.
! 80.
90.

CHART 1
READING SEC.
8.11 243.30
13.51 405.30
18.14 544,30
22.51 675.40
26.39 791.60
30.17 905.10
33.80 1014.10
37.29 1118.80
40.71 1221.40
EQ.

FILT. PAD WF., =30.3815 G.
FLOW RATE = 90.0 CC./SEC.

vOt. =111436.70 CC.

H20 VISC. =0.008551 POISE

COMPRESSIBIL ITY EXPERINENT

SSURE

DYNESISOCN.

0.

0.

9037.
13998.
23806.
38507.
63034,
97015.
146113,
CONS ISTENCY

PAD THICK,
INCHES

0.0

0.0

2.2036
1.8469
1.5004
1.2465
1.0340
0.8790
0.7536

= 0.027 PERCENT
COMP, PAD WT, =11.5314 G.

FILTRATION RESISTANCE AND MAT SOLIDS CONCENTRATION AS FUNCT IONS OF PRESSURE

PRESSURE

CM. H20 DYNES/SQC
10. 9807.
20. 19613.
30. 29420.
40. 39227.
"50. 49033.
60. 58840.
70. 68647,
80. 78453.
90. 88260.
M =0.

M. CHM./G.

«4409E
+5293E
«5912E
«6352€
«6T75E
+«7110€
« T404E
« 7670
« 7904E
13690-02

o7
07
o7
(124
07
07
07

CORCERFAST 10N OP/(T*SQRT(CPY) - (Pse3
G./CC.
0.0470 185.90 0.10390-03

© 0.0614 195.32 0.23130-03
0.0717 201.79 0.35694D-03
0.0801 205.15 0.51480-03
0.0873 209.60° 0.66610-03
0.0937 212.40 0.82220-03
0.0994 214.70 0.98230-01
0.1066 216.77 - 0.11460-02
0.1095 218.37 0.13130~02

N =0.3848

HYDRODYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS 0F PRESSURE

PRESSURE
c H20

AVERAGE VALUES FOR SPEClFlC VOLUME AND SURFACE

10.
20.
30.
40.
50.
60.
70.
80.
90.

AVERAGE SPECIFIC VOLUME =
AVERAGE SPECIFIC SURFACE,
AVERAGE SPECIFIC SURFACE,

v
CC./G.

3.44%
2.65
2.28
2.04
1.87
1.74
1.64
1.56
1.49

2.08 CL./Ga

Su
SQCM./G.

3535,82
3396.39
3317.14
3261.71
3219.07
3186.41
3155.20
3129.9¢.
3107.67

SW = 3256.37 SQCM./6.
SV = 1658.97 SQCM./CC.

. sv
SQCM./CC.

1027.34
1279.68
1457.44

i 1599.67

1720.40
1826.46
1921.76
2008.78
2089.17

SOngS CONC.
G./CLe.

0.0

0.0

0.0452
0.0540
0.0664
0.0800
0.0964
0.1134
0.1323




ORIGINAL DATA

aenee

-146-

Appendix VII (Continued)

FILTRATION EXPERIMENT

PRESSU
CM, H2

10.
20,
30.
40.
50.
60.
70.
80.
S0.

RE
0

CHART
READI

6.71
1C.93
14,28
17.08
19.62
21.73
23.8%
25.77
27.42

FILT. PAD WT. = 9,8641 G.
FLOW RATE = 77.3 CC./SEC.

SRECEEELESABERSNREB VRS LKA SLES L0 SRS EREES0 S 40

- L d
WHOLE PULP RETAINED ON 65 MESH FIBER LENGTH = 1.49 MM, E
...'.‘ll0.‘f‘."0‘..‘.‘.0.““.“’.‘.‘...'..“‘“‘O““"‘ .“..‘.‘..:
COMPRESS 18ILITY EXPERIMENT
NG e OVNES/SGem. TAEHESTX SopRs cone
201.30 0. 0.0 0.0
327.90 0. 0.0 0.0
428.40 9037, 1.5735 0.0468
512.40 13998. 1.3188 0.0559
588.60 23806. 1.0714 0.0688
651,90 38507. 0.8900 0.0828
715.20 63034. 0.7383 0.0998
773,10 97015. 0.6277 0.1174
822.60 146113, 0.5381 0.1370
EQ. VOL. = 66882.94 CC. CONSISTENCY = 0.015 PERCENT
H20 VISC. =0.009571 POISE COMP. PAD WT. = 8.5246 G.
FILTRATIDY RESISTANCE AND MAT SOLIDS CONCENTRATION AS FUNCT 1ONS OF PRESSURE
RESTSTAREY EoncENrR R ron DP/(T#SQRTICPY) coxe3
. CM. /6. G./CC.
<11926 08 0.0487 220.82 0.11530-03
-1564E 08 0.0635 237.28 0.25660-03
.1680E 08 0.0743 251.97 0.40980-03
<1873t 08 0.0830 265.76 0.57130-03
.2038E 08 0.0904 277.04 0.73910-03
2209 08 0.0970 289.82 0.91230-03
.2349¢ 08 0.1029 299.19 0.1090D-02
.2483€ 08 0.1083 308.30 0.12720-02
+2625€ 08 0.1134 318.67 0.14570-02
14170-02 N =0.3848

PRESSURE

CM. H20 DYNES/SQC
10. 9807,
20. 19613,
30. 29420,
40. 39227,
50. 49033.
60. 58840.
70. 68647,
80. 78453,
0. 88260.
M =0,

HYDRODYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS OF PRESSURE

10.
20.
30.
40.
50
60.
70.
80.
Q0.

PRESSURE
CM. H20

v
CC./G.

3.53
3.16
2.94
2.78
2.66
2.56
2.48
2.41
2.34

AVERAGE VALUES FOR SPECIFIC VOLUHE AND SURFACE

AVERAGE SPECIFIC VOLUME = 2,76 CC./G.

AVERAGE SPECIFIC SURFACE, SW =

AVERAGE SPECIFIC SURFACE,

W
SQCM. /G.

5763.89
5694.86
5670.55
5663.76
5665.67
5672.48
5682,27
5693.93

'5706.82

5690.46 SQCM./G.

SV = 2092.60 SQCM./CC.

SV
SQCM./CC.

1630.83
1799.60
1927.92
2035.35
2129.70
2214.94
2293.37
2366447
2435.28
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Appendix VII (Continued)

EEE SRR SRR EESEERLESRER AR R NSRBI XL SR ERN S LS AR S S S SRS %D
*

LA 2 X 2

XX ESER SRS ERE SR RRIXRERES

ORIGINAL DATA

FILTRATION EXPERIMENT

PRESSURE

CM. H20
10.
20.
30.
40.
50.
60.
70.
80.
90.

. WHOLE PULP RETAINED ON 20 MESH

FILV. PAD WF. =17.1414 G.
FLOW RATE = 77.3 CC./SEC.

R EEEEC RS IONEES

FIBER LENGTH = 2.76 MM.

COMPRESSIBIL ITY EXPERIMENT

I R, TR
6.29 188.70 0. 0.0
9.82 . 294.60 0. 0.0

12.90 - 387.00 9037. '2.7308

15.50 465.00 13998. 2.2888
17.76 532.80 23806. 1.8594

19.97 599.10 38507. 1.5447

22.00 660. 00 63034. 1.2814

23.80 Tl4.00 97015. 1.0893

25.39 761.70 146113, 0.9339

EQ. VOL. = 61389.57 CC. CONSISTENCY = 0.028 PERCENT
H20 VISC. =0.009686 P?ISE COMP. PAD WT. =13,9570 G.

PRESSURE RESTENAN
CM. H20 DYNES/SQCN. CM./G.
10. 9807. «6637E 07
20. 19613. +8502€ 07
30. 29420. « 9709 07
40. 39227. «1077e 08
50. 49033, -1175€ 08
60. 58840, «1254E 08
70. 68641, «1328E 08
80. 78453, - 1403E 08
90. 88260. -1480E 08

M =0.1337D-0Q2

CONCERTART 10N DP/(T*SQRT(CP)) cPee3

G./CC.
0.0459 242.53 0.9680D-04
0.0600 271.91 0.21550-03
0.0701 287.18 0.34410-03

. 0.0783 301.51 0.4796D-03
0.0853 315.11 0.62060-03
0.0915 324.69 0.76600-03
0.0971 333,81 0.91510-03
0.1022 343,69 0.10680-02
0.1069 354,32 0.12230-02

N =0.3848

HYDROOYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCYIONS OF PRESSURE

PRESSURE
CM,. H20

AVERAGE YALUES FOR SPECIFIC VOLUME AND SURFACE

10.
20.
30.
40.
50.
60.
70.
80.
9Q.

AVERAGE SPECIFIC VOLUME =
AVERAGE SPECIFIC SURFACE,

AVERAGE SPECIFIC SURFACE, SV =

v
CC. /6.

4.45
3.56
3.13
2.86 N
2,67
2.52
2.40
2.31
2.22

2.90 CC. /G
SW = 4423,42

SW
SQCM./G.

4509, 75
4448.18
4423.50
4411.48
4405.47
4402.81
4402.19
4402.90
4404.52

SQCM. /G,

Sv
SQCM./CC.

1013.47
1250.23
1413.98
1543.45
1652.39
1747.45
1832.38
1909.56
1980.58

1593.72 SQCM./CC.

0.0

0.0442
0.0527
0,0649
0.0781
0.0942
0.1108
0.1292
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Appendix VII (Continued)

SESEREEREODEEEE SN EXASRIRRICR SN SISV S NSRS SR RSP RS ISRV O SRHEUNERERRTEESE SRS EEESS

L XX X X 3

WHOLE PULP RETAINED ON 10 MESH

FIBER LENGTH = 3.88 NN,

L2 XX 2]

SEEINRKEEXSERRERRERSESREF SRS ERONEBAERS RIS EIRNE RO NI 0SS ASIIRREANEARRCRESEE SR SRS RS

ORlGlNAL DATA

FILY, PAD WY, =224,.8004 G.

FLOW RATE = 77.3 CC./SEC.

FILTRATION EXPERLIMENT

PRESSURE
CM. H20

10.
20.
30.
40.
50.
60.
70.
80.
90.

CHART TIME
READING SEC.
8.00 240.00
13.40 402.00
17.75 532.50
21.77 653.10
25.33 759.90
28.72 861.60
31.95 958. 50
34.86 1045.80
37.65 1129.50

€Q. VOL. = 90146,
H20 VISC. =0.009

69 CC.
709 POISE

COMPRESSEIBILITY EXPERIMENT

RESSURE

4
DYNES/SQCM.

0.

0.

9037.
13998.
23806.
38507.
63034,
97015,
146113,
CONS ISTENCY

PAD THICK.
INCHES

0.0
0.0

" 3.4449

2.8874
243457
1.9486
1.6165
1.3742
1.1782

= 0,028 PERCENT
COMP, PAD WT, =17.9365 G.

FILTRATION RESISTANCE AND MAT SOLIDS CONCENTRATYION AS FUNCV!UNS OF PRESSURE

FILTRATION
PRESSURE RESISTANCE
CM. H2D DYNES/S5QCM. CM. /6.

10. 9807. .5284€ 07
20. 19613, »6309E 07
30. 29420. - TL64E 07
40. 39227, « 1767 07
50. 49033, +8344E 07
60, 58840, - 8831€ 07
70. 68647, «9261E O7
80. 78453, -« 9700 07
90. 88260. -1010E 08

M =20.1362D0-02

MAT SOL
CONCENTR

G./CC.

0.0468
0.0611
0.0714
0.0797
0.0R69
0.0932
0.0989
0.1041
0.1089
N =0.3848

DS

AT ION DP/{T#SQRTICP)) CPee3

HYDRODVNANIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS OF PRESSURE

PRESSURE
M. H20

10.
20.
30.
40.
50.
&60.
70.
a0.
90.

v
CcC./G.

3.38
2.83
2.56
2.38
2.25
2.15
2.07
2.00
.94

AVERAGE VALUES FOR SPECIFIC VOLUME AND SURFACE

AVERAGE SPECIFIC VOLUME =
AVERAGE SPECIFIC SURFACE,
AVERAGE SPECIFIC SURFACE,

2.39 CC. /G,

SwW
SQCM./G.

3860.99
3759.68
3710.86
3681.19
3661.16

3646.82
3636.16
3628.06
3621.82

SW = 3689.6% SQCM./G.

SV = 1581.29

SQCM./7CC.

Sv
SQCM./CC.

1142.04
1328.08
16451.94
1547.97
1627.80
1696.89
1758.28
1813.83
1864.79

188.93
197.42
206.78
212.69
218.90
223.69
227.73
232.49
236.74

0.10230-03
0.22780-03
0.36380-03
0.50710-03
0.65600-03
0.80970-03
0.96740-03
0.11290-02
0.12930-02

0.0450
0.0537
0.0661
0.0796
0.0959
0.1128
0.1316
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Appendix VII (Continued)

[y L Yy T P T Y T Y T T T LYY ey

"i‘i

WHOLE PULP -~ NOT CLASSIFIED

HEESEERERERER R REERRR DS *

ORIGINAL DATA

FILTRATION EXPERIMENT

PRESSURE
CM. H20

10.
20.
30.
40.
50.
60,
70.
80.
90.

CHARTY
READI

6.07

9.50
12.30
14.69
16.83
18.80
20.65
22.37
23.88

FILT. PAD WT. =213,5742 G.
FLOW RATE = 77.3 CC./SEC.

NG e

182.10
285.00
369.00
440.70
504.90
564.00
619.50
671.10
716.40

€Q. VOL. = 58602,

H20 VvISC. =0.009

erkkd *&

86 CC,
436 PDISE

e 2 S 22 2

5%

COMPRESS IBILITY EKPERIHENY

PRESSUR

€
DYNES/SQCM.

0.

0.

9037.
13998,
23806.
38507.
63034,
97015.
146113,
CONS ISTENCY

PAD THICK.
NCHES

0.0
0.0

T 2.1378

1.7918
1.4557
1.2093
1.0032
0.8528
0.7311

= 0.023 PERCENT
COMP. PAD WY. =10.9475 G.

FILTRATION RESISTANCE AND MAT SOLIDS CONCENTRATION AS FUNCTIONS OF PRESSURE

PRESSURE
CM. H20  DYNES/SQC
10. 9807,
20. 19613,
30. 29420.
«0. 39227,
50. 49033,
60. 58840.
70. 68647,
80. 78453,
90. 88260.

M =0,

HYDROOYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTTDNS OF PRESSURE

PRESSURE
CM. H20

10.
20.
30.
40.
5Ce
60.
70.
80.
90.

FILTRATION MAT SOLIDS
RESISTANCE CONCENTRATION DP/(TRSQRT(CP)) CPpse3
M. CM. /G, G./7CC.
.8510£ 07 0.0460 251.08 0.97360-04
-1088E 08 0.0601 280.79 0.2167D0-03
-1260€ 08 0.0702 300.90 0.34610-03
<1407€ 08 0.0784 317.83 0.4824D-03
.1535€ 08 0.0855 332.20 0.62420-03
«1649E 08 0.0917 344,57 0.7704D-03
«1751E 08 0.0973 355,29 0.9204D-03
«1847E 08 0.1024 365.32 0.1074D-02
.1947€ 08 0.1072 376.37 0.12300-02
1339D0-02 N =0.3848
CCY/G. SOén./G- SQCEY/CC.

4,60 5116.5%0 1111.73

3.68 5067.98 1375.69

3.26 5053.32 1559.10

2.96 5049,.62 1704.65

2.76 5050.81 1827.50

2.61 5054.55 1934.96

2.49 5059.72 2031.21

2.39 5065.75 ' 2118.84

2.31 5072.29 2199.63

AVERAGE VALUES FOR SPECIFIC VOLUME AND SURFACE

AVERAGE SPECIFIC VOLUME =
AVERAGE SPECIFIC SURFACE,
AVERAGE SPECIFIC SURFALE,

3.01 CC./G.
SW = 5065, 61
SV = 1762.59

SQCM./G.
SQCM./CC.

L X2 X X ]

SESES SR RE SR SRR RE KA

SOLIDS CONC.
G.IéC-

0.0

0.0

0.0443
0.0528
0.0650
0.0783
0.0943
0.1110
0.1295
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HISTORICAL PROGRAM AND OUTPUT FOR CALCULATION OF §W AND v
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Appendix VIII (Continued)

CURVE ==3= CURVE FITTING

ESTIMATED BY *SUBROUTINE XM
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Appendix VIIT (Continued)

SUBROUTINE EXPONM = ESTIMATION OF INITIAL VALUE OF EXPONENT *'MY*
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RS SRR GBELAERRERERELONRESASA I P BXXEB XV CERENERR U RS S LN KRR DRSS A SRR AR RGOS RGOSR ATE RS SRR
* *

- %
LX 23

FIELD CN 65 MESH, RUN 1

& *
FEEBXASAGRIVERBIERTEEBERFDERTHRBRCLRRER R RN EA0OAI X RN VR AR LI OER R RIRE ROV B RCERRECH SIS

CRIGINAL DATA

0.0666 G./CC.

MAT SOLIDS CUNC.

0.0. MAT Wli.y W = 12.1858 G.

MAT THICKNESS, L = 4.01 CM,

TOTAL PRESSURE DROP, DPL = 60.00 CM. H20
PERMEATIUN VELOCITY, U = 0.5717000 CM./SEC.

29.0 DEG. C.
0.008149 POISES

WATER TEMPERATURE, T
WATER VISCOSITY,y MU

PERMEATION EXPERIMENT COMPRESSIBILITY EXPERIMENT
I'4 opP2
P:ﬁség:E Eéé:‘\:i@% PRESSURE TAP READING PRESSURE IHIE’%IEESS C{‘IQCTEDSJ?}:A?ISON
Ck. CM. H20 DYNES/SQCM. CM. H20 OYNES/SQCM. [ G./CC.
~0.4844 0.0 6.0 0.0 0. 6.6(00 0.0405
2 ~0.1034 0.0 .0 6.24 6116. - 4,2450 0.0630
3 0.2776 ’ 0.29 245,16 11.17 10956, 3.7750 0.0708
4 0.€586 1.05 1029.67 21.12 20713, 3.260¢C 0.0820
5 1.0396 2440 2353.53 36.006 35366. 2.5400 0.0941
6 1.4206 4.70 4609.00 61.02 59839. 2.4450 0.1093
7 1.6016 7.60 7452.85 95.64 93784. 2.1200 0.1261
f 2.1826 11.60 11375.40 145.63 142813, - 1.835C 0.1457
9 2.5636 17.C0 16670.84
10 2.94646 24,20 23731.43
1l 3.3256 34.00 33341.69
12 3. 7066 46.00 45109,.34

M = 0.6001D0-02
N = 0.2657

{XPERIMENTAL EMPIRICAL CONSTANTS

DPZ/DPL = A # ((I/L)%¢B) * EXP(L®2/L) F = BO + BL#{X*%EXPM) + B2%(X*REXPN}

WHERE.., WHERE.. .
A = 0.21597 80 = 0.22525C 09 EXPM = 0,135400 CO
8 = 1.51946 81 = -0.185380 10 EXPN = 0.228020 CC
C = 1.50437 B2 = 0.27234D 1G

PRESSURE v SW sy
CM. K20 CC./G. SQCM./G. SQCM./CC.
1.C6 3.73 6171.22 1655.23
2.46 3.73 6l71.22 1655.23
4.55 3.45 6232,32 1805.10
7.53 3.41 6254,89 1834.55
1l.063 3.26 6352.42 1946.98
17.13 3.07 6509.63 2117.5%4
24,38 2.87 6710.52 2336.10
33.84 2.07 6942.40 2597.83

46.C2 2.48 7195.85 2900.40
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Appendix VIII (Continued)

DAVRGEB UM LR AR OS UL IVCEIDVO NGO RERABOILODOSSROORNERISSPIBONEOE SR IRV IV SEAEEIRVEE20$0

FIELD CN 65 MESH. RUN 2

XX
coend

EORSADEEAESEBRVYUBEIVEVDOSES0DL VNS LSRABBAVRR SRSV IS0 LENRIXFAVRORRIROESEESSAEDISRE S

GRIGINAL DATA

MAT SOLIDS CUNC. = 0.0660 G./CC.

0.0, MAT wi.y W = 12.7468 G.

MAT THICKNESS, L = 4,24 CM.

TOTAL PRESSUKE DROP, DPL = 60.00 CM. H20

PERMEATION VELOCITY, o = 0.657800 CM./SEC.

WATER TEMPERATURE, T = 30.5 DEG. C.

WATER VISCOSITY, MU s " 0.007892 POISES

PERMEATION EXPERIMENT COMPRESSIBILITY EXPERIMENT

[4 bee
P:EEEE:E géé&:g%s PRESSURE TAP READING PRESSURE lﬁlsﬁgESS cgﬁgeagki??on
ChM, CH. H20 DYNES/SQCH. CcM, H20 DYNES/SQCM. Ch, G./CC.

1 ~-0.2594 0.C 6.0 0.0 Q. }.1700 0.0390
2 0.121¢ 0.20 196.13 6.32 6200. 4.5800 0.0611
3 0.5G26 . 0.95 931.61 11.25 11037. 4.0350 0.0693
4 0. 8836 . 2.Q0 1961.28 21.20 20791. 3.4500 0.0811
5 1. 2646 3.50 3432.23 36.14 35444, 3.CC00 0.0932
6 1. 6456 5.80 5687.70 6l.1C 59914, 2.5550 0.1095
7 2.C266 8.85 8678.64 95.71 93858. 2.2100 0.1265
8 2.4076 13.10 12846.36 . 145.71 - 142867, 1.9C5¢C 0.1468
9 2.1886 18.90 18534.05
10 3.1696 25.10 25202.39
11 3.5506 35.00 34322.32
12 3.9316 48.C0 47070.62

CUMPRESSIBILITY CONSTANTS

M = 0.51790~02
N = 0.2789

EXPERIMENTAL EMPIRICAL CONSTANTS

DPL/DPL = A * ((Z/L)%%8) & EXP{CHZ/L) - F 5 80 ¢ BLE(X*SEXPM) + B2®(X**EXPN)

WHERE. .. WHERE.. .
A= G.09231 60 = 0.31888D 09 EXpPm =  0.1413CD CO
8 = C.957117 #l = -0.388260 10 EXPN = 0,19925¢ 00
C = 2.,42722 B2 = 0.47647C 10

PRES SURE v W sv
CM. H20 €C. /6o $QCH. /6. sqcH./CC.
2.¢5 3.78 5631.70 1491.72
3,59 3.78 5611.70 - 1461.72
5.74 3.78 5631.70 1491.72
8.71 © 3.86 5701, 94 1555.82
12.78 3.8  5763.63 1610.02
18.3¢ 3.40 5918.38 1739.24
25.13 3.18 615147 1936.19
35.67 2.93 6445.86 2198.40

48.92 2.69 6785.97 2525.78
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L T R T Y T I L ITITII Ty
*

FIELD On 20 MESHy RUN 1

LR R 21
X2 R X 3

SR XRSSGESFBSAVIOARVRENTACESIRDSECEB IR EBIUIVESRIE DU BB R A SRS XX EREANRR QS RDETSFIUTVRD S

NIRIGINAL DATA

pA=pute ol gy

MAT SOLIDS CUNC. = 0.0643 G./CC.

0.0 MAT WT., W = 11.9946 Ge.

MAT THICKNESS, L = 4.09 CM,

TOFAL PRESSURE DROP, DPL & 60,00 CM. H20

PERMEATION VELOCITY, U = 0.678000 CM./SEC.

WATFR TEMPERATURE, T = 30.7 DEG. C.

WATER VISCOSITY, MU = 0.007858 POISES

PERMEAT [ON EXPERIMENT . COMPRESSIBILITY EXPERIMENT

. [ DPZ
P:E:ézik géég:fés PRESSURE TAP READING PRESSURE THIEQIIESS CBQEE-’% kLLT)?l')N
Cr. CM. H20 DYNES/SQCH. CH. H20 DYNES/SQCM., CH., G./CC.

1 -0.4094 0.0 0.0 0.C 0. 6.7050 0.0392
2 ~0.C284 0.6 6.0 6.50 6373, 4,045C 0.0651
3 C.3526 0.20 196.13 11.44 11221. 3.585¢C 0.0734
4 0.7336 0.85 833.54 21.40 20986. 3.070¢C 0.3857
5 1.1146 1.95 1912.24 36.35 35647, 2.6700 0.0986
6 1.4656 3.60 3530.30 6l.31 60127. 2.2900 0.1149
7 1.8766 6.20 6079.95 95.94 94079. 1.9850 0.1326
8 2.2576 8,84 8668.84 145.94 143115. 1.725¢0 0.1526
9 2.6386 14.C0 13728.93
10 3.C0196 22.00 21574.03
11 3.4006 31.50 10890.09
12 3. 7816 47.25 46335.14

M = 0.57170-02
N = 0.2741

EXPERIMENTAL EMPIRICAL CONSTANTS

DPZ/DPL = A % ({Z/L)%%B) = EXPIC*Z/L) F = BO + BLE(X#¥EXPM) + B2 (X*3EXPN)
WHERE .., ' WHERE. ..
A= 0.14953 . 80 = 0.12403D 09 EXPM = 0.12960C 00
B = 1.59952 . 81 = -0.8(9450 09 EXPN = 0.264580 €O
C = 1.86714 A2 = 0.16158D 10

PRESSURE v W Sv
CM. H20 CC./G. SQCM./G. sQCM./CC.
1.87 4.017 5392.15 1326.78
3.55 4.01 5415.08 1350.56
6.08 3.77 5531.47 1467.93
9.72 3.47 5719.77 1647.09
14,84 3.17 9957.17 1878.25
21.92 2.89 6226.88 215766
31.54 2.62 6517.37 2484.29

44,48 2,39 6820.49 2848.60
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FORGBEEANCIISVEOVUSBVUROOCILENOOVEEENICUOSRLESFEBISINOSRH04INVRVBIVBVREIEVVISERESIEED
b *

%
*
®
*
*

ORIGINAL DATA

MAT SOLIDS CONC.

0.0. MAT W7
MAT THICKNE

oy W
SSe L

TATAL PRESSURE DROP.
PERMEATION VELQCLTY,
WATER TEMPERATURE, T

WATER VISCO

PERMEATION

PRESSURE
NUMBER

® o~V r W N -

P
N - O O

COMPRESSIHILITY CONST

M = 0.,4658
N = 0.2H5C

SiTY, MU

EXPER IMENT
4

C.9856
1. 26606
l.7476
2.1286
2.509¢6
2.85C6
3.2716
3.6526
44,0336
4.4146
4.1956
5.1766

ANTS

D-02

D
u

DPZ/DPL = A * ((Z/L)}*28)

WHERE ...
A =
B =
c =

0.16667
1.61452
1.78481

PL

C

FIELD CN 20 MESH, RUN 2

PRESSU
M. HZU

0.85
1.70
2.80
4,30
6.30
9.C0
12.80
17,00
22.90
29.30
318.50
49.C0

s EXP(CeZ/L)

0.0596 G./CC.
14.8896 G.

5.48 CM.

60.00 CHM. H20
0.748700 C¥./SEC.
28.5 DEG. C.
0.008237 POISES

+1:4 4

RE TAP READING
DYNES/SQCM.

833.54
1667.08
27145.79
4216.76
6178.02
8825.74 "

12552.16

16670.84

22456.60

28732.68

37754.56

48051.26

LX 2 24

0GR OORSOLABVAIROBETLHEABRISIVESEE RS ERISBLHT ISRV AINLUSOBEROSERSIIIETRSH SR AE ST

COMPRESSIBILITY EXPERIMENT

PRESSURE TH[EQ&ESS CSQEE& hg ON

CM. H20 NYNES/SQCM. CM, G./CC.

0.0 Q. 6.1900 0.0528

6.48 6350, 5.6150 - 0.0582
11.40 111480. 4.8800 0.0669
21.34 20928, 4.1350 0.0790
36.28 35577, 3.9750 0.0914
6l.22 60046, 3.0650 0.1066
95.84 93987. 2.6500 0.1233
145.84 143016. 2.3C50 0.1417

F = BO + BIS(XSSEXPM) + B2%(Xa%EXPN)

WHERE...
80 = 0.112320 09 EXPM = 0.130300 0C
Bl = -0.894470 09 EXPN = 0.22766L CO
f2 = 0.141770 10

HYDRONYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS OF PRESSURE

PRESSURE
CM,. H20

2.79
4.34
6.40
9.11
12.59
17.C3
22.62
29,62
38.33
49,09

v
€C./G

3.99
3.94
3,79
3.60
3.39
3.18
2.97
2,77
Z.59
2,42

S
SQCM./G.

5007.86
5019.81
5070.69
5156.75
5271.04
" 5407.06
5559.48
5724.07
5897.58
6077.50

sv
SQCM./CC.

1255.44
1273.56
1336.68
1432.07
1554 .36
1700.99
1870.68
2062.88
2271.52
2514.82
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Appendix VIII (Continued)

P T P P T T P L R RS L A RS A S LRI E L T ‘t‘l‘ﬁt’.tit.tt.‘ ORIV HRPSOE SRR R K
*

XY X 23

FPSVTEEBGERBOEE SRS ERRERIZIREIANESHEEES

ORIGINAL DATA

FIELD GN 10 MESH, RUN 1

MAT BAT Sutlos
THICKNESS CONCENTRATION

MAT- SOLIDS CONC. = 0.0616 G./CC.
D.D. MAT WT., W = 14,0474 G.
MAT THICKMESS, L = 5.00 CM.
TOTAL PRESSURE DRUP, DPL = 60.00 CM. H20
PERMEATION VELOCLTY, U = 1.546900 CM./SEC.
WATER TEMPERATURE, T _x  30.0 DEG. C.
WATER, VISCOSITY, MU x 0.007976 POISES
PERMEATLUN EXPERIMENT CONPRESSIﬁlLITv.EXPERIMEN!
» 7 oP2 L i
PREXBURE PASAAYGE PRESSURE  TAP READING PRESSURE
NUMBER OF MAT : ; )
: CM. CM. K20 * DYNES/SUCM, CM. H20  DYNES/SQCM. cH. !
. ) .
1 0.5056 1.10 1078.70 0.0 0. 8.9750
2 0.8866 ° 2.10 - 2059.34 6.12 | 5997, 5.5950
-3 1.2676 . 3.20 3138.04 11.02 : 10811,. 4.855C
4 1.6486 4.95 4854,16 20.95 20545, 4.1300
5 2.C296 7.10 6962.53 35.88 35183, 3:5550
6 2.4106 10.C0 9806.38 60.82 59642 3.1000
] 2.7916 14.10 13826.99 95.42 93574, 2.68%0
8 3.1726 18.80 18435:98 145.41 142593, 2.31350
9 3.5536 24,20 23731.43
10 3,946 31.50 30890.09
1 4.3156 40.60 39225.52 .
12 4.6966 51.00 50012.53
COMPRESSIBILITY CONSTANTS
M = 0.49860~02
N = 0.2738
EXPER IMENTAL EMPIRICAL CONSTANTS
DPZ/DPL = A & ({Z/L1e%B) & EXP(C*Z/L) F = BO + RIS{XOBEXPM) + B2 (X*+EXPN)
WHERE ... WHERE.. .
A= 0.09581 B0 = 0.17458D 09 EXPM = 0.13900U €O
B = 0.83485 Bl = -0.273090 10 EXPN =  0.17953U CO
€= 2.41167 A2 = 04310400 10

HYDRODYNAMIC SPEC

IFIC VOLUME AND SURFACE AS

PRESSURE v
CM. H20 CC./G.
3.36 4,01
5.03 4.01
7.19 4.01
9.98 3.94
13.5% 3.91
18.12 3.80
23.93 3.64
31.31 .44
40. 64 3.22

52.40 3.00

S
SQCM. /G

3623.46
3623.44
3623.44
3656.44
3666, 70
3723.66
3823.06
3958.47
4123.04
4310.38

sv
SQCM./CC.

903.85
903.85
903.8%
929,14
936.92
978.71
10%0.78
1151.36
1279.68
1435.60

LR

B . *
UL 0KSRDIDEXBPVNVLANPOREBESOEEBENLLOP AR SR DI RN

Ge/CC.

0.0343
0.0551
0.0635
0.0746
0.0857
0.0994
0.1148
0.13%0
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Appendix VIII (Continued) -

BOLAELESEEDORSDIERINIOIBCLUONSEOOREE0LE0EIRIELASRS IS4 0000800BEIEBDOOCHOEINDIOAVDOVEBE
L4 ) *

LA X 2

FIELD ON 10 MESH, RUN 2

XX X

HHCRAXRNBOSRBAO DO ATV ENRBOHXRBSASHECRAAVIISH IS SRSV EORBBE IO GSV SR USREE ORI DORENOE 4D

MAT SOLIDS CONC.
0.0. MAT Wi.y W
MAT THICKNESS, L
TOTAL PRESSURE DROP, DPL
PERMEATION VELOCITY, U

. WATER TEMPERATURE, T
WATER VISCOSITY, MU

PERMEATION EXPERIMENT

C = 2.51178

0.0603 G./CC.
14.7078 G.
5.35 CH.
60.00 CM. H20
1.385200 CM./SEC,
27.0 DEG. C.
0.008513 POISES

COMPRESSIBILITY EXPERIMENT

B2 = 0.305430 10

PRESSURE v
CM. H20 CC./6.
4,50 4.05
6426 4,05
8.48 4,05
11.28 3.92
14.79 3,87
19.19 3.76
24.69 3.60
3l1.56 3.41
40.11 3,21
50,173 3.01

SW sV
SQCM./G. SQCM./CC.
34466.34 850.43
3446.34 850,43
3446.34 850.43
3500403 892.98
3521.22 -908.92
3580.96 . 952.10
"3675.90 . 1020.53
3801.23 1113.3]1
3941.75 . 1230.11

4122.49 1371.02

L op2
PREXBURE PEZRANGE PRESSURE TAP READING PRESSURE THIERNESS €
NUMBER UF MAT
cHe CM. H20  DYNES/SQCM. CM. H20  DYNES/SQCM. CH.
1 0.85C6 2.00 1961.28 0.0 0. 9.4100
2 1.2316 3.10 3039.98 8431 6184. 5.7800
3 1.6126 4.50 4612.87 11.22 11003. 5.0050
“ 1.9936 6.19 6070.14 21.15 20741. 4.225¢C
5 2.3746 8.40 8237.36 36.08 35386. 3.7000
o 2. 7556 11.50 11277.34 61.03 59848. 3.1600
7 3.1366 15.00 14709.57 95.64 93785. 2.7650
8 3.5176 19.20 18828.24 145.63 142809. 2.4C5¢C
3 3.8986 24.30 23829.49 )
10 4,219 31.50 30890.09
1 4.6606 40.00 30225.52
12 5.C416 51.C0 50012.53
COMPRESSIBILITY CONSTANTS
M = 0.4859D-02
N s 0.2769
CXPERIMENTAL EMPIRICAL CONSTANTS
DPZ/UPL = A ® ((Z/L)*B) * EXP{C*2/L) £ = B0 + BIS(XOEXPH) + B2#(X®SEXPN)
WHERE. .. WHERE. ..
A= 0.0827L BO = 0.164050 09 EXPM =  0.140700 GO
B = 0.7129 #1 = -0.270290 10 EXPN & 0.17955D CO

M
u

A
N

CenTkAY Pon
G./CC.

0.0343
0.0558
0.0645
0.0764
0.0872
0.1015
0.1167
0.132
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© Appendix VIII (Continued)

EREFEEEBEBIREREFF KSR EEC DA KC VS SRR XAREFD SR AR RR A RSV E SRR S EER R FF RS H PR RS AR BB RE R Gk &
*

LR X X &

*
*
o - ’ *
FIELD ON 10 MESH, RUN 3 . :
*
EREREERRR B R CE AT RSN DRRRDRGA R RS REEERR S SO CRRRR S IR U S AR R IR SRR RS S DS ES DR EBR AR R SRR SR AR

~

ORIGINAL DATA

MAT SCOLIDS CONC. = 0.0613 G./CC.
Q.De MAT WTay W = 14.2630 G.
MAT [HICKNESSy L =’ 5.10 CM.
TOTAL PRESSURE DRGP, DPL = 60.00 CHM. H20
PERMEATION VELOCITY, U = 1.607500 CHM./SEC.
WATER TEMPERATURE. T = 30.0 DEG. C.
WATER VISCOSITY, My = 0.007976 POISES '
PERMEATION EXPERIMENT COMPRESSIBILITY EXPERIMENT
4 berL
P:Eéé::E Péé'z::{%s PRESSURE TAP READING PRESSURE THIQQFI‘;ESS CE&EE&?&&??ON
CM. © CM. H20U DYNES/SQCHM. CM, H2O DYNES/SQCM. [ G./CC.
" )
1 G.6C56 1.20 1176.77 0.0 0. J.4350 0.0332
2 0.9866 2,10 2059.34 6.56 6436. 5. 7600 0.0543
3 Le3676 ’ 3.60 3530.30 11.49 11268, 5.0150 0.0624
4 1. 7486 5.35 5246.41 21.43 21015, 4.1900 0.0747
5 2.1296 8.65 8482.52 36.37 35667, 3. 6400 0.0360
6 2.5106 10.9¢ 10688.95 6‘1.33 60138. 3.115¢ G.10uU5
7 2.8616 14.20 13925.05 95.94 94082, 2.7C00 0.1159
8 3.2726 18.90 18534.05 145.94 143111. . 243300 0.1343
9 3.6536 24.50 24025.63
10 4.0346 32.00 31380.41
11 4.4156 40.00 39225.52
12 4. 7966 51.00 50012.53

COMPRESSIBILITY CONSTANTS

M = 0.4181D-02
N = 0.2902

" EXPERIMENTAL EMPIRICAL CONSVANTS

DPZ/OPL = A * L(Z/L)%%B) * EXPIC*2/L) F = B + BL%{X*REXPM) + B2#(X##EXPN)

WHERE«oo WHERE.. .
A= 0.1487C B0 = 0.11947D 09 EXPM = 0.13790D 00
8 = 1.0667¢C ’ Bl = -0.178460 10 EXPN = 0.17951D 00
C = 1.92432 B2 = 0.20468D 1C

PRES SURE v SW Sy
CM. H20 €C. /6. SQCM. /G, SQcM./CC.
3,67 3.46 38564.32 1115.33
5.50 3.46 3854.37 1115,33
7.84 3.46 38564.32 1115.33
10.78 3.38 3875.91 1145.11
14,47 3.33 © 3895.52 ‘1170.18
19.€6 3.23 3939,75 1221.06
24.75 3.10 4006.39 1294.26
31,77 2.9% 092,42 1387.89
40.38 2.79 4194,74 1501,32

5C. 91 2.64 ' 4310.49 1634.22
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Appendix VIII (Continued)

SPULEREVBELV 0L IVORISSAROER RS VO CACIVFFVVRIIBAVTV VSOV OH IS OO EVSISEIRBEISOEECRLEIRCBHED
&

FLOC ON 65 MESH -~ 1l RUN 2

LR X X3
LA X2 X 3

SRUVARD AV VAR RSOOSR RRHE SR TIGHSVPISESDRS RS SHEDNUB NSRS OOE RN SRR EORA LTRSS SERESESED

-,

ORIGINAL DATA

MAT SOLINS CONC. = 0.0662 G./CC.

0.D. MAT WT., W 2 15.0664 G.

MAT THICKNESS, L = 4.99 CM.

TOTAL PRESSURE DROP, DPL s 60.00 CM. H20

PERMEATION VELOCITY, U = 1.102300 CM./SEC.

MATER TEMPERATURE, T = 28.5 DEG. C.

WATER VISCOSITY, MU = 0.008237 POISES

PERMEAT ION EXPER IMENT COMPRESSIBILITY EXPERIMENT

’ pee
PRESSURE DISTANCE MAT MAT SOLIDS
B e FRON 108 PRESSURE TAP READING PRESSURE THICKNESS CONCENTRATION
ch. CM. H2u  DYNES/SQCH. CM. H20  DYNES/SQCM. cH. G./scC.

1 0.4906 1.45 1421.92 0.0 0. 7.8400 0.0422
2 0.8716 2.60 2549.66 5.33 6205. 5.4150 0.0610
3 1.2526 4.30 4216.74 11.26 11041. 4,500 0.0682
4 1.6336 6.30 6178.02 21.20 20792. 4.2200 0.0783
5 2.0146 8.90 8727.68 36.14 35440. 3.7140 0.0890
6 2.3956 12.80 12552.16 61.09 59906. 3.2150 0.1028
7 2.7766 16.50 16180.52 95.70 93846. 2.4156 0.1174
8 3.1576 21,30 20887.57 . 145.69 142869. 2.445¢C 0.1352
9 3.5386 27.10 26575.28 : '
10 3.9196 34.00 "33341.69
1 4.3006 42.50 4167711
12 4. 6RL6 52.00 50993,17

COMPRESSIBILITY CONSTANTS

M 3 0.65150-C2
N = 0.2524

EXPERIMENTAL EMPIRICAL CONSTANTS

DPZ/OPL = A % ((Z/L)%eB) * EXP(CSZ/L) F = BO + BLS(X#9EXPM) + 828 {X6*EXPN)

WKERE. . WHERE.. .
A = 0.16012 B0 = 0.299200 09 EXPM = 0,15020C Cu
A =  D0.91156 Bl = -0.64203D 16 EXPN = 0.1/968u CO
C = 1.89057 B2 = 0.693460 10

PRES SURE v Sw sv

CM. H20° cC. /6. SOCH. /G. sqcH./cC.
4.38 3.45 4018.66 1165.80
6.45 3.45 4018.66 1165.80
9.02 3.45 4018.66 . 1165.80
12.20 3.45 4018.66 1165.80
16.12 3.45 4018.66 1165.80
20.94 3.45 4018.66 1165.80
26.84 3.42 4062.17 1181.55
34.04 3.36 4088.00, 1215.73
42,79 3.26 4174.05 1279.42

53.41 3. 13 . 4295.21 1370.65
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Appendix VIII (Continued)

EEEAGEZNOR ARV RSEARN KR BIS LIS RRCHASRSERORISDOIFSE RS VNP XS DI EHLAEITBEERDRAXAER LIS KRR N RS
* P *

FLGC ON 65 MESH =-- [, RUN 1

LE X X3
LE X & J

SEESELEHBUEERF AR AT X AB U IR ERRAE RIS ORERIBAEIRSEERE IR LR N SR N RP SN R RV R OE XA LR KRR RS K&

ORIGINAL DATA

MAT SOLIDS CONC. = 0.0645 G./CC.

0.0. MAT WT., W = 15.3764 G.

MAT THICKNESS, L = 5.2% CM.

TOTAL PRESSURE DRCP, DPL = ' 60,00 CM. H20

PERMEAT ION VELOCITY, U = " 1.455900 CM./SEC.

WATER TEMPEKATURE, T = 29.0 0EG. C.

WATER VISCOSITY, MU = 0.008149 POISFS

PERMEATION EXPERIMENT COMPRESSIBILITY EXPERIMENT

3 ’ DP2
PRESSURE DISTANGE § MAT MAT SOLIDS
AR FROK T0P PRESSURE TAP READING PRESSURE THICKNESS CONCEN TRATLIUN
CHe- CM. H20_  DYNES/SQCM. CM. H20  DYNES/SQCM. CH. G./CCe

1 0.73C6 1.10 1667.08 8.0 0. 8.3300 0.0405
2 1.1116 2.95 2892.88 6.40 6280, 5.8250 0.0579
3 1.4926 © 4,60 4510.93 11.34 11116, 5.2250 0.0646
4 1.£136 ’ 6.65 6717.37 21.28 20864, 4.525C 0.0746
5 2.2546 9.55 9365.09 36.21 35512. 3.9800 0.0848
6 2.6356 13.00 12748.29 61.16 59977. 3.4500 0.09/8
7 3.0l66 17.10 16768.90 95.77 93916, 3.0250 0.1115
8 3.3976 22.00 21576.03 145.76 142940, 2.6300 0.1283
9 3.7786 27.80 27261.72
10 4.1596 45.00 34322.32
1 4.5406 43.60 42167.43
12 4.9216 52.00 50993.17

COMPRESSIEBILETY CONSTANTS

= 0.61010-02
= 0.2537

EXPERIMENTAL EMPIRICAL CONSVANIS

DPZ/OPL = A % ((Z/L)%%8) % EXP(L*Z/L) £ = BO + BLBIX®*EXPM) + B2&(X**EXPN)

WHERE ..« WHERE... ’
A= 0.20357 BO = 0.19962D 09 EXPM = 0.1431CD €O
8= 1.13078 81 = -0.33888D0 10 EXPN = 0.179590 0O
C = l.6346l A2 = 0.375530 10 :

HYDROOYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS OF PRESSURE

PRESSURE v SW sV
cM. H20 €C./G. SUCM./Ge SQCM./CC.
4.173 3.49 3749.18 1075.37
6.89 3.49 3749.18 1075.37
9.56 3,49 3749.18 1075.37
12.85. 3.49 3749418 1075.37
16.86 3.45 3765.31 1090.35
21.73 3,44 - 3711.32 1095.50
27.60 3.38 3806.41 1124.68
34,66 3.29 3867.70 1174.54
43,11 3.18 3951.67 1243.06

53.20 3.05 4094,74 1328.91
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Appendix VIII (Continued)

P eyt e s A T PN PR S R R S A R RS R R R R I AL AL S L2 R 2L 22 20 B2 AL 2ty L L
s *

FLOC ON 65 MESH -- 1y RUN 2

LA X B4
LX 2 X 4

‘t‘tttttt‘.‘t‘lOtp‘O“t“0““‘t.“““."“t‘t“‘.‘0‘.0“‘0““““‘0.“"t‘c..'t""‘

ORIGINAL DATA

MAT SOLIDS CONC. N 0.0637 G./CC.

0.0. MAT WT., W = 14.7122 6.

MAT THICKNESS, L = 5.06 CM.

TOTAL PRESSURE DROP, DOPL = 60.00 CH. H20

PERMEATION VELOCITY, U = 1.516600 CM./SEC. ,

WATER [EMPERATURE, 1 = 27.0 DEG. C. ’

WATER VISCOSITY, MU s 0.008513 POISES

PERMEATION EXPERIMENT COMPRESSIBILITY EXPERIMENT

L 0P
P:U:Bz:ﬁ ?éé&:’f@% PRESSURE TAP READING PRESSURE THICRNESS CONCENTRAT TON
CH. CM. HZU DYNES/SQCM. CM. H20  DYNES/SQCM. CM. G./CC.

1 6.5656 3.45 3383.20 . 0.0 0. 8.3700 0.0356
2 0. 9466 4.7 4658.03 6.36 6237, 5.7600 0.0566
3 1.3276 5.55 6423.18 11.29 11067, 5.0650 0.0640
4 1.7c86 8.60 8433.48 21.23 2CA16. 4.3750 0.0738
5 2.CE9 11.40 11179.27 36.16 35462, 3,8300 0.0843
6 2.4706 15.60 14709.57 61.11 59928.  3.3200 0.0972
1 2.8516 16.90 18534.05 95.72 " 93864. 2.84800 0.112t
8 3.2326 23.20 22750.80 _ 145.71 142869, 2.5150 0.1283
9 3.6136 28.70 28164.30
10 3.5946 35.00 34322.32
1 4.3156 43.00 42167.43
12

4.15606 52.00 50993.17

COMPRESSIBILITY CONSTANTS

M = 0,56710-02
N = 0.2601

DPZ/OPL = A * ((L/L)*9B) * EXP(CH2/L) F = B0 + BIS(X?PGEXPN) + B2¢{X#2EXPN)

WHERE... WHERE.. . .
A= 0.10827 #0 = 0.221730 09 EXPM = 0.145900 CO
B e 0.41938 ' Bl = -0.417810 10 EXPN = 0.17963) 00
C = 2,26711 B2 = 0,4%8650 10

HVDRO?VNAHIC SPECIFIC VOLUME AND SURFACE AS FUNCTICNS OF PRESSURE

PRE S SURE v SW sv

CHM. H20 €C. /6. SQCM. /G, SQCK./CC.
8.85 4.0l 3175.58 191.86
11,42 4.01 3175.58 791.86
14.53 4.01 3175.58 . 791.86
18.30 4,01 3175.58 791.86
22.87 4.01 3176.75 791.586
28.42 3.96 . 3206.76 808.38
35.15 3.86 3270.50 847.59
43431 3.71 3370.73 9UB. 44

$3.19 3453 3500.95 990.50
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Appendix VIII (Continued)

SRABERERAPEXEFA RSB R AR EAEE RS SR RED KSR R RAE EREX SR G SR RAR AP LR CR RIS X EEREUKX DA ENE SRR EE R &
* *

LR X X X

FLUC ON 20 MESH, RUN 1

LR ¥

Ak Y E AR RS R DR R A GR AU RER KGR AR RE SR IB AL IEXG A RS BRI R FER IR R QA G IR AR XL R R R AR ERE RN X &

ORIGINAL DATA

MAT SOL10S CUNC.

DeDe MAT Wey W

MAT THICKNESS, L

TOVAL PRESSURE DROP, DPL
PERMEATION VELOCITV, U
WATER TEMPERATURE, T
WATER VISCUSITY, MU

PERMEATION EXPERIMENT

0.0793 G./CC.
14.7360 G.
4.07 CM.

. 60.00 CM. H20
1.789300 CM./SEC.

30.0 VEG. C.
0.007976 POISES

COMPRESSIBILEITY EXPERIMENT

MAT M
THICKNESS CO

CM.

T.4650
5.3200
4.795C
4.2300
3.7650
3.3059
2.8850
2.5100

0.9
0.200090h 00

L nee
PREXSURE. PRARANGE PRESSURE TAP READING PRESSURE
NUMBER UF MAT :
CH. CH. H20 DYNES/SQCH, CM. H20  DYNES/SQCM.
1 ~0.4244 0.20 196.13 0.0 0.
2 -0.C434 0.60 588.38 6.33 6203.
3 0.3376 4420 4116.68 11.26 11042.
4 0.71806" 7.25 7109.63 21.21 20797.
5 1.0996 10.40 16198.63 36.15 35449,
6 1.4806 14.60 14317.31 61.10 59918.
7 1.8616 19.00 L 18632.12 95.71 93856.
8 2.2420 24.00 23535.31 145470 142880.
9’ 2.6236 30.50 29909.46 ‘
10 3.0046 37.00 36283.60
11 3. 3856 46.50 . 43638439
12 3,7666 53,00 51973.81
COMPRESSIBILITY CONSTANTS
= 0.74400-02
= 0.2366
FXPERIMENTAL EMPIRICAL CONSTANTS
DPL/DPL = A & (LZ/L)%sB) * EXP(C®Z/L) F = 80 + BLE(XSREXPM) + B2&(XEFEXPN)
WHERE ... WHERE.. .
A= 0.26628 RO = 0.56848D 07 EXPM =
8 = 0.58727 Bl = 0.0 EXPN =
€= 1.3689¢C B2 = 0.851280 10

HYDRODYNAMIC SPECIFIC VOLUME AND SURFACE

STATIC LOAD = 19.96 (M. H20
AVERAGE SPECIFIC VOLUME, Vv =
AVERAGE SPECIFIC SURFACE, SW
AVERAGE SPECIFIC SURFACE, SV

FLULID PRESSURE DROP = 60.00 CM.

2.97

CC./G.

= 3130.75 SQCM./G.
= 1053.15 SQCM./CC.

H20

A
Ni

1§
CEN
G./C

0.0433
0.0608
0.0674
0.0764
0.0359
0.0978
O.1121
J.1288
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Appendix VIII (Continued)

-

SAEHRPEERFARRBOFHEVERIXBRBIREEBSDREEERIINBIXV QO SOR L AR LAV O SV SA VISR FUR KA RGRYS AR GRS D
& &

FLOC UN 2C MESH, RUN 2

* # 4.0
LA R X 4

B UEXECVEBRAITHETHLEESEIRIVEVRBAXZAFLADSER VBB AIEFVLANBNGEELEV SIS OOV XL ACAERAGROF K S

ORIGINAL DATA

MAT SOLIDS CONC. = 0.0812 G./CC.

0.0. MAT WT., W = 16.0273 G.

MAT THICKNESS, L = 4.33 CM.

TOTAL PRESSUKE DRUP, DPL = 60.00 CM. H20

PERMEATION VELOCITY, U = ' 1.556900 CM./SEC.

WATER TEMPERATURE, T = 30.0 DEG. C.

WATER VISCOSITY, My = 0.007976 POISES

PERMEATIGN EXPERIMENT COMPRESSIBILITY EXPERIMENT

z DPZ
PRESBURE ARMe PRESSURE TAP READING PRESSURE THICKNESS COM
NUMBER OF MAT ’
CH. CM. H20 DYNES/SUCM. CM. H20  DYNES/SOCM. CcH.

1 -0.1694 0.15 147.10 0.0 0. 8.0150
2 0.2116 3.10 3039,98 6e41 6283. 5.7800
3 0.5926 6.20 6079.95 11.3% 11128. 5.3100
4 0.9736 9.42 9237.61 21.30 20883. 4.7009
5 1.3546 13.40 13140.55 36.24 35535, T 4.200C
6 1.7356 17.90 17553.41 61.19 60001 . 3.6700
7 2.1166 22.10 21672.09 95.79 93939, 3.2200
B 2.4976 27.20 26673.35 145.78 142960, 2.8000
9 2.8786 33.50 32851.37
10 3.2596 39,00 38244,88
11 3.6406 46.50 45599,66
12 4.c216 54.00 52956.45

COMPRESSIDILITY CONSTANTS

M= 0.77360-02
N = 0.2309

DPL/OPL = A ®= {(Z/L)%8K) = EXP(C*Z/L) F = BO + BLS(XSSEXPM) + B2B(XEEXPN)

WHERE. .. WHERE.. .
A = 0.31888 80 = 0.669820 07 EXPM = 0.0
8 = 0.63027 : 81 = 0.0 EXPN = 0.20000L CO
C = 1.1922% B2 = 0.5697010 10

HYDRODYNAMIC SPECIFIC JOLUHE AND SURFACE

STATIC LDAD = 19.99 CM. H20 FLUID PRESSURE DROP = 60,00 CM. H2N
AVERAGE SPECIFIC VOLUME, Vv = 2.86 CC./G.

AVERAGE SPECIFIC SURFACE, SW = 3366.86 SQCM./G.

AVERAGE SPECIFIC SURFACE, SV = 1175.54 SUCM./CC.

Cen?
G./C
0.04139
0.000C8
0.0662
0.0748
0.0837
0.0958
0.1092
0.125%6
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Appendix VIII (Continued)

112 232 1S T ey Y T2 2R A2 24 R L ARt R R TR RS £ R 22 22222 2Rt dyyyy
* *

FLOC ON 10 MESHy RUN 1

*eon

*
B
®
Py .
AR SNEBARR SR RARDORCEE LIRS IE ROV ESREDILSIRSRINVRRSE S AR GEBEEIBURS X REE LB SO RLCSRD 0B S

ORIGINAL bATA

MAT SOLIDS CONC. s 0.0963 G./CC.
D.D. MAT WT.y W = 16.5439 G
MAT THICKNESS, L = 3.77 CM.
TOTAL PRESSURE DRUP, DPL = 60.00 CM. H20
PERMEATION VELOCITY, L = 1.870200 CM,/SEC.
WATER TEMPLRATURE, | = 30.0 DEG. C.
WATER VISCOSITY, MU = 0.007976 POISES
PERMEATION EXPER(MENT COMPRESSIBILITY EXPERIMENT
z vPZ
PRESSURE DISIANCE : X L MAT MAT _SULIUS
Nuﬂﬁen F%?”u{?" PRESSURE TAP READING PRESSURE THICKNESS CUNCENTRATIUN
M. CM. H2U UYNES/SQCH. CM. H20  OYNES/SQCM. cM. G./CC.
1 ~0.7294 N Y 392.26 0.0 0. 8.2200 0.0442
2 ~0.3484 1.00 980.64 6.39 6268, 6.1L5C 0.0595
3 0.6326 2.50 2451,59 11.31 11086, 5.2650 0.0589
4 0.4136 6.85 67T1T7.37 21.25 20842, 4.65650 0.0775
b 0.7946 12.00 11767.65 36.20 35495, 4.2150 0.0861
6 1.1756 17.20 16R66.97 51.15 59966, 3.765C 0,094
7 1.9566 22.00 21576.03 95.76 93906. 31,3500 0.1033
8 1.9376 27.56 26967.54 145.75 142929, 2.9600 0.1226
9 2.3186 34,00 33341,69
10 2.6596 40.00 29225.52
11 3.0806 47.50 46580.30
12 3.4616 54,50 53444,77

COMPRESSIBILITY CONSTANTS

M = 0.8458D-02
N = 0.,2231

EXPERIMENTAL FMPIRICAL CONSTANTS

e em—— ————

DPL/DPL = A * ({2/L)s2B) # EXP(C‘ZILi F = BO + BLO{XSSEXPM) + B2*(X*6EXPN)
WHERE .o e WHERE .. «
A = 0.56425 B0 = 0.786510 07 EXPM = 0.0
8 = 0.75014 - #1 = 0.0 EXPN = 0.100000 01

C = 0.58976 ' ' 82 = 0.180650 10

HYNRODYNAMIC SPECIFIC VOLUME AND SURFACE

STATIC LOAD = 54,55 CM, H20 FLULD PRESSURE DROP » 60,00 CM. H20
AVERAGE SPECIFIC VOLUME, V = la%9 CC./G.

AVERAGE SPECIFIC SURFACE, SW = 3149.86 SQCM./G.

AVERAGE SPECIFIC SURFACE, SV = 1979,41 SQCM./CC.




-172~-

Appendix VIII (Continued)

CRIHBKEAGGERERE XL EEHVERXIFOR AV EIAVPLIAFOBXYBIRXALX BB OH GO SSIR BB AXVEE VIS LOAA ROV HHECHL &S
* %

FLUC NN 10 MESH, RUN 2

LR X X
L2 X"

SELERRESEBERAUA BB EVEEX DR RAES VR SELAZV SRR EASLRE PR ORR OB VPR R R AR R AISE XA ISR GO S Dh TR GOSN

URIGINAL DATA

MAT SOLIDS CUNC. = 0.0897 G./CC.

M.D. MAT WT., W = 18.3970 G.

MAT THICKNESS, L = 4,50 CH.

TOTAL PRESSUKRE ORUP, LPL = 60.00 CH. H20

PERMEAT lUn VELOCITY, o = 1.839900 CH./SEC.

WATER TEMPERATURE, T = 32.0 UEG. C.

WATER VISCOSITY, MU = 0.007647 POISES

PERMEAT LN EXPERIMENT COMPRESSIBILITY EXPERIMENT

¢ : DPZ
RESRE  HAIMEE  icciune ras nesoins pacssunt s cBLeRH on
NUMGER et CM. H2O  DYNES/SQCM. CM. H20  DYNES/SQCH. LM, G./CL.

1 ¢.CCCo 2450 245%.59 © 0w 0. B.9HSC 0.0449
2 0. 3816 5.95 5834.79 6.43 6304, 5.9450 0.0531
3 0.7626 ©9.60 © 9614.12 11.33 11113, 5.9550 0.06178 -
4 1.1436 14.00 13728.93 21.28 20808. 5.3450 0.0755
5 1.5246 17.60 17259.22 36.22 35517. © 4.8100 0.0639
6 19056 23.20 22750.80 61.16 59940, 4.2650 0.0451
7 2.2866 27,60 27065.60 95.77 939 (4. 3.7550 0.1915
8 2.6676 - 33.00 32361.05 . 145,75 142929. 3.2650 0.1236
9 3.Ca86 38,00 37264.24
10 3.4296 43.50 42657.75
11 3.4106 50.00 49031.89
12 4.1916 56400 %4915.72 By

COMPRESSIBILITY CONSTANTS

M = 0.76460-C2
N = 0.2313

CXPERIMENTAL EMPIRICAL CUNSTANTS :

NDPZ/OPL = A & ((Z/L)%08) & EXP(C®Z/L) F = BO + HI*(X2SEXPM) + B2&(X#SEXPN)
WFERE ... . WHERE ..« «
A=  (.48837 . RO = 0.67684D 07  EXPM = 0.0
8 = 0.68l4Y . Bl = 0.0 EXP = 0.200000 20
C = G.766C1 B2 = 0.30605D lu

HYDRODYNAMIC SPECIFIC VOLUME ANU SURFACE

STATIC LOAD = 40.04 CM. H20 FLUID PRESSURE DROP = 60.00 CM. H20
AVERAGE SPECIFIC VOLUME, V = 1,99 CC./G. ‘
AVERAGE SPECIFIC SURFACE, SW = 3091.69 SUCM./G.
AVERAGE SPECIFIC SUKFACE, SV = 1550.19 SUCM./CC.
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t‘ttttttttlt#tt#ttttt#tttttt‘ttct*tt“ti‘l“#lt‘tl40.tt.Q#tttttttt‘#"#tttt‘tttttt#tttt
*

WHOLE PULP CN 65 MESH, RUN 1

LR X X 3
L XX X3

EEERRERERE AR AR R EL G KRR SR ERORBPDERRRBERBEEVE R SRS EBHR SR RAG IR SRR BT R DI R R AR RS RERORERETE RS RS

CRIGINAL DATA

MAT SOLIDS CONC. = 0.0642 G./CC.
0.D. MAT WT., W = 13.0303 G.
MAT THICKNESS, L = 4.45 CM,
TOTAL PRESSURE DROP, DPL = 60.00 CM. H20
PERMEATION VELOCITY, L = 1.011400 CM./SEC.
WATER TEMPERATURE, T =" 29.0 DEG. C.
WATER VISCOSITY, MU = 0.008149 POISES
PERMEATION EXPERIMENT COMPRESSIBILITY EXPERIMENT
i DPl
qun::? ?éé»‘«:’f@% PRESSURE TAP READING PRESSURE THICKNESS CONCENTRA
CM. CM. H20 DYNES/SQCM. CM. H20  DYNES/SQCM. M. G./0Ce
1 -0.(494 0.20 196.13 0.0 0. 7.23%90 0.0395
2 0.3316 0.80 784.51 6.28 6156. 4.7650 0.0596
3 c.7126 1.80 1765.15 11.21 10991. 4.2400 0.0674
4 1.6926 3.30 3236.10 21,15 20743. 3.6600 c.0781
5 1.4746 , 5.30 5197.38 36.09 35394, 3.1550 0.0895
6 1.8556 8.10 7943.16 61.05 59863, 2.7550 0.1738
7 2.21366 11.80 11571.52 95,66 " 93805. 2.3900 0.1196
8 2.6176 16.50 16180.52 145.65 142832. 2.0750 0.1378
g 2.9986 22.00 21574.03 '
10 3.3796 29.00 28438.50
1 3. 7606 38,50 37754.56
12 4.1416 49.50 48541.57

COMPRESSIBILITY CONSTANTS

M = 0,5714D-02
N = 0.2653

FXPERIMENTAL EMPIRICAL CONSTANTYS

NDPZ/DPL = A ¥ ({Z/L)*»B) * EXP(C*Z/L) F = B0 + BL*{X#%EXPM) + B2*(X**EXPN)

WHPERE o WHERE. ..
A= 0.12232 - B0 = 0.297370 09 EXPM = D.145100 OUL
B = 0.92842 Bl = -0.547850 10 FXPN = 0.179620 00
C = 2,15303 82 = 0.605580 10

HYORODYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS OF PRESSURE

PRESSURE v SH sv
CHM. H20 CC./G. SQCM./G. SQCM./CC.
3.39 3.66 4494.34 1228.17
5.37 3.66 - 4494436 1228.17
8.CC 3.66 4494.34 T 1228.17
11.43 3.66 4494,34 1228.17
15.91 3.57 4551.36 1275.7¢6
21.70 3.49 4607.00 1319.63
29.16 3.35 4725.42 1411.07
38.72 3.17 4896,97 1546.20

50.93 2.97 5111.00 1723.08
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Appendix, VIII (Continued)

SECLELARLVUVOHBFBHVR VUV RVR U F VRV EUNRUOBABOUKGSAB V0OV SIBARICRBARBOEBREL NV KSR CUIRRROSS
pe .

®
®
*
*
)

ORTGINAL DATA

MAT SOLIDS CUNC.

0.0. MAT WT,,

W

MAT THICKNESS, L

TOTAL PRESSUR

£ DROP,

DPL

PERMEATION VELOCITY, L

WATER TEMPERA
WATEGR VISCOSI

PERMEATLON EX

PRESSURE
AP
NUMBER

F-T-- B S RV U

e
N -~ O

TURE, T
TY. MU

PERIMENT
4
PAGRAYEE
oF

MAT
[

-0.0944
0.2866
0.6676
1.C486
1.42906
1.8106
2.1916
2.5726
2.6536
3,3346
3. 7156
4.0966

CGMPRESSIBILITY COUNSTANTS

M = 0.5252D0-
N = 0.,2732

02

[

EXPERIMENTAL EMPIRICAL CONSTANTS

DPL/DPL = A % {(Z/L)%*B)

WHERE. ..
A = 0.
B = 0.
C = 2.

09132
6393¢C
45745

WHOLE PULP CN 65 MESH,

PRESSUI
M. H20

0.50
1.15
2.30
3.80
5.90
8.7%
12.C0
16.H0
22.30
29.50
39.C0
50.00

® EXP(C*Z/L)

RUN 2

0.0647 G./CC.
12.9967 G.

4.40 CM.
60.00 CM. H20
1.131500 CM./SEC.
34.0 DEG. C.
0.007340 POISES

BARGAEABOCOC U IONBEISEVROOUUBHOEADNOORCEISEEOOLO0UO0AOERSISAOLARBANNEBVE IS RSNSCESAD

CCMPRESSIBILITY EXPERIMENT

L X X R 3

L

pPL
RE TAP READING ‘PRESSURE TH1CRNEss cORCERTRA
DYNES/SQCH. CM. H20  CYNES/SQCM. cH. Ge/CCe
490.32 0.0 0. 7.1650 0.0398
1127.73 6.38 6259, 4.7750 0.0597
2255.47 11.32 11098. 4.236¢ 0.0674
3726.42 21.27 20856. 3.6600 0.0779
5785.76 36.21 35508, 3.1859 0.0895
8580.58 61.16 59979, 2.7250 0.1046
11767.65 95.78 93922, 2.3500 0.1213
16474.70 145,77 142951. 2.025C 0.1408
21868.21
28928.82
38244.88
49031.89
E = BO + BLe(X43EXPM) + B2#(X#SEXPN)
WHERE...
BO = 0.287510 09 EXPM = G.14S7CD 00
81 = -0.545210 10 EXPN = 0.17962C CO

82 = 0.60246D 10

HIYDROOYNAMIC SPECIFIC VOLUME AND SURFACE AS FUNCTIONS OF PRESSURE

PRESSURE
CM. H20

3.93
5.62
8.52
11.91
16.32
22.05
29.47
39.C6
Sl.42

3.72
3.72
3.72
3.72
3.60
3.57
3.40
3.20
2.98

Sw sv
SGCM./G. SQACM./CC.
4359,78 1173.39
4359.78 1173.39
4359.78 1173.39
4359.78 1173.39
4396.83 1200.59
4469.58 1253.19
4665.935 1353.84
479834 1500.51

5035.90 1692.60

0s
Ti

ON
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Appendix VIII (Continued)

3##*##*v*#t#t##tftt#*####*tit##t#ttt‘#‘#‘#*‘ttt0*#‘###‘###vttt*t##t#tt#t####t####*t‘k**
*

LE X X}

ORIGINAL DATA

MAT SOLIDS CONC.
1.0. MAT Wi., W

MAT THICKNESS, L

TOTAL PRESSURE DKCOP, DPL
PERMEATION VELOCITY, U
WATER TEMPERATURE, f
WATER VISCUSITY, My

PERMEATION EXPERIMENT

4 oPl
PRESSUR STANCE
?i% € P&O& T%P PRESSURE TAP READING
NUMBER OF MAT
CM. CM. H20 DYNES/SQCW.
H -0.5994 0.0 0.0
2 -C.2184 0.0 0.0
3 0.1626 2430 2255.47
4 0.5436 44,65 4559.96
5 0.9246 7.60 7452.85
[} 1.3056 11.50 11277.34
7 l. 6866 15.50 15199.89
8 2.0676 20.50 20103.07
9 2.4486 26.00 25496.59
10 2.8296 33.00 32361.05
11 3.2106 42.00 41186.79
12 3.5916 51.50 50502.85
CCMPRESSTIBILITY CONSTANTS
M = 0.6729D~C2
H = 0.2447
EXPER IMENTAL EMPIRICAL CONSTANTS
DPZ/DPL = A % {((Z/L)**B) x EXP(C*1/L) F =
WHERE s« WHERE...
A = 0.18B217 80
B = Ue52321 Rl
C = 1.759¢C1 B2

HYDRODYNAMIC SPECIFIC VOLUME AND SURFACE

STATIC LOAD = 19.93 CM. H20

AVERAGE SPECIFIC VOLUVME,
AVERAGE SPECIFIC SURFACE.
AVERAGE SPECIFIC SURFACE,

vV = 3.39

WHGLE PULP CN 20 MESHe RUN 1

0.0745 6./CC
13.2351 G.
3.90 CM.
60,00 CM. H20

1.567100 CM./SEC.

32.0 DFG. Co
0.007647 PDI

FLUID PRESSURE DROP = 60.00 CM. H20

CC./G.

SES

t*####t*#*t't#t*#t#t‘ﬁ‘#t*##t###t**t*‘*‘#t##tt###*tiqv.##‘#t#t#tt‘t#ttt#*####ttt#t#!.t

COMPRESSIBILITY EXPERIMENT

PRESSURE

CM. H20 DYNES/SQCHM.
0.0 0.
6.30 6173,
11.23 11013,
21.18 20771.
36.12 35423,
61.07 59892.
95.69 93833.

145.68 142859,

L E X X ]

L

rnl?ﬁﬁsss cgﬁéeﬂgkigfow
CM. Ga/CC.
7.1250 0.0408
4.9200 0.05%0
4,4250 0.06%6
3.9¢00 0.0745
3. 4400 0.0844
2.9900 0.0971
2.6650 0.1115
G.12176

2.2150

B0 + BLHE(XBSEXPM) + B2%(X*¥*EXPN)

SW = 3471.66 SQCM./G.
SV = 1023.29 SQCM./CC.

0.65434D 07
0.0
0.14564D 11

EXPM =
EXPN =

0.0
0.,20000u 00
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Appendix VIII (Continued) .

tt“t‘t#tt“‘ﬁ‘t#t"#.‘t#t‘#“"ttt"“"‘..‘l.*t."““‘t#.t‘ttt#‘&‘t‘#‘#t‘tt‘t‘l““‘

WHOLE PULP ON 20 MESH, RUN 2 .-

L A2 X X )

L T Yy P e Y Y P Y T T Ly Yy

tanne

GRIGINAL DATA

MAT SOLIDS CONC. = 0.0758 G./CC.
0.0, MAT WT.y W = 13.5194 G.
MAT THICKNESS., L = 3.91 CH.
TOVaL PRESSURE DRUP, DPL = . 60.00 CH, H20
PERMEATION VELOCITY, L = 1.425600 CM./SEC.
WATER TEMPERATURE, T = 29.0 DEG. C.
WATER VISCOSITY, MU = 0.008149 POISES
PERMEATION EXPERIMENT COMPRESSIBILITY EXPERIMENT
z 1130 4
p:iéégze Qéél:iés PRESSURE TAP READING PRESSURE THIEQLESS CSQEES?&A??DN
Chr. CM. H20 DYNES/SQCM. CM. H20 DYNES/SQCM., CM. G./CC.
1 -0.5844 0.10 98.06 0.0 0. 7.5700 - 0.0392
"2 ~-0.2C34 0.35 343.22 6.33 6211. 5.1150 0.0540
3 0.1776 2.85 2794.82 11.27 11051. 4.6000 0.0645
4 0.5586 5.20 5099.32 21.22 20805, - 4,0150 0.0739
5 0.9396 8.20 80641.23 36.16 35457. 3.5450 0.0837
6 1.3206 12.10 11865.71 6l.11 59925. 3.0700 0.0966
7 1.7Cl6 16.20 15886.33 95.72 93866, 2.6750 0.1109
8 2.08206 21.40 20985.64 . 145.71 142890. 2.3150 0.1281
9 2.4636 26.90 26379.15
10 2.5446 34.00 33341.69
11 3.2256 42.00 41186.79
12 3.60606 52.00 50993.17

CUMPRESSIBILITY CONSTANTS

M = 0.62260-02
N = 0.2513

FXPERIMENTAL EMPIRICAL CONSTANTS

OPZ/DPL = A & ((Z/L)e%B) * EXP(C2Z/L) F = BO ¢+ BL®(X®®EXPM) + B2#(X®¢EXPN)

WHERE.a o WHERE .. «
A = 0.177063 BO = 0.71134D 07 EXPM = 0.0
B = 0.46357 . 81 = 0.0 EXPN = 0.200000 0OC
[ 1.79133 B2 = 0.159130 11

HYNROODYNAMIC SPECIFIC VOLUME AND SURFACE

STATIC LOAD = 14.96 CM. H20 FLUID PRESSURE DROP = 60.00 CM. H20
AVERAGE SPECIFIC VOLUME, V = 3.40 CC./G.

AVERAGE SPECIFIC SURFACE, SW = 3621.22 SQCM./G.

AVERAGE SPECIFIC SURFACE, SV = 1065.60 SUCM./CC.



-177-

Appendix VIII (Continued)

LX X R X3

WHULE PULP ON 10 MESH, RUN 1

HEEREE RIS RS R R RR R AR E kSRR PSR AR AN PER RS BEE S B RRER R R R E R IR B G GERARR TR AR F SRR A B K
. . *

LA X X 3

AEB ARG RS EG ARG EABESHR AT DR SRS TR ER A AP AC G SR IR VPRI X ARG AR R T AR AR SRR XSG A HERE N

CRIGINAL DATA

MAT SOLIDS CONC.

0.0. MAT WTes» W

MAT THICKNESS, L

TCTAL PRESSURE DRGP, DPL
PERMEATION VELOCITY, L
WATER TEMPERATURE, T

[ WATER VISCOSITY, My

PERMEATION EXPERIMENT

z

PRESSURE pLsTaNCE
NUMBER ) Foe war
1 -0.7344

2 ~0.3534

3 0.C276

4 0.4086

5 0.7896

6 1.1706

7 1.5516

8 1.9326

9 2.3136

10 2.6946
11 3.0756
12 3.4566

CUMPRESSIBILITY CONSTANTS

M = 0.8416D-02
N = 0.2209%

EXPERIMENTAL EMPIRICAL CONSTANTS

DPL/DPL = A % ((Z/L)%%8)

WHERE + ..
A= 0.37018
8 = 0.62821
C = 1.00625

0.0838 G./CC.
14.3837 G.
3.76 CM.
60.00 CM, H20

1.880300 CM./SEC.

29.0 DEG. C.
0.008149 POISES

TPl

PRESSURE TAP READING

M

& EXP{CRI/L)

. H20

0.0
0.9
1.60
6420
10.G0
14.90
19.00
24450
31.00
37.00
44.00
53.00

HYDRODYNAMIC SPECIFIC VOLUME AND SURFACE

STATIC LOAD = 29.91 CM.
AVERAGE SPECIFIC VOLUME,
AVERAGE SPECIFIC SURFACE,
AVERAGE SPECIFIC SURFACE,

H20
vV =
SW
Ssv

2.69
= 31
= 11

DYNLS/SQCM.

0.0

0.0
1569.02
6079.95
9806,38
14611.50
1R632.12
24025.63
30399.77
36283,60
43148.07
51973.81

WHERE .. s
B8O
81
82

FLUID PRESSURE DROP = 60.00 CM. H20

cC./G.
94.62 SQCM./G.
85.47 SQCM./CC.

COMPRESSIBILITY EXPERIMENT

PRESSURE

CM. H20 DYNES/SQCM,
0.0 0.
6.38 6259,
11.32 11104.
21.28 20864.
36.22 35518,
61.17 56989.
95.79 939131.

145.79 142962,

"0.621690 07

0.0
0.693490 10

F = B0 + BLE(X#3EXPM) + B2 (X##EXPN)

EXPM =

EXPN =

MAT M
THICKNESS CO

CM.

7.2850
5.265C
4.810C
442650
3.8150
3. 3450
2.9500
2.6600

0.200000 €O

A
N

J_SGOLID
CENTRAT?DN
G./CC

0.0433
0.0599
0.0656
0.074C
0.0827
03943
0.1070
C.ll46
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"&t###tt;t#t“‘t‘ﬁttt‘##t#‘###“‘03‘@#‘#380000&“##0"0#t#ﬂ.#‘t‘v#ﬁt‘t‘tt#“tt“‘t‘t‘
' L

Ed
*
¥
: ‘WHOLE PULP UN 10 MESH, RUN 2
-4
*

#0‘t‘t#‘tttt##t##tt#‘td‘t#ﬂ‘t‘#t“t.“‘#‘80‘t“‘t.“t‘#ttt‘tttt““##0“0##“040“#“

ORIGINAL DATA

2 nrL
PRESSURE DISTANCE
TAP FRAOM TOP PRESSURE TAP READING
NUMBER OF MAT .
CMe. CM. H20 DYNES/SQCM,
1 0.3056 4.00 3922,55
2 0.6866 6.95 6815.43
3 1.0676 11.80 11571.52
4 1.4486 15.80 15494.08
5 1.8296 19.20 18828.24
6 2.2106 - 23.20 22750.80
7 2.5916 27.60 27065.60
8 2.9726 32,00 31380.41
9. 3.3530 37.00 36283.60
10‘ 31.7346 42.00 41186.79
11 4.1156 48,00 47070.62
12 4.4966 55.C0 53935,09
COMPRESSIBILITY CONSTANTS
M = 0,83830-02
N = 0.2194
EXPERIMENTAL EMPIRICAL CONSTANTS
DPZ/DPL = A # ((Z/L)%%8) & EXP(CAZ/L) F o=
WHERE... WHERE.. .
A= 0.53488 60
B = 0.78l43 H1
C = 0.61615% n2

MAT SOLIDS CONC.
0.0, MAT Wi., W

MAT THICKNESS, L

TOTAL PRESSURE DROP, UPL
PERMEATION VELOCITY, U
WATER TEMPERATUKE, T
WATER VISCUSITY, My

PERMEATION EXPERIMENT

HYDRODYNAMIC SPECIFIC VOLUME AND SURFACE

STATIC LOAD = 20.06 CM. H20

AVERACE SPECIFIC VOLUME, v

AVERAGE SPECIFIC SURFACE,
AVERAGE SPECIFIC SURFACE,

= 2.09

0.0818 G./CC

17.9218 G.

4.80 CM.
60.00 CM. H20

1.486200 CM./SEC.

28.0 DEG. C.

0.008328 POISES

CC. /6.

COMPRESSIBILITY EXPERIMENT

LR X ]

&

MAT MA
THICKNESS CON

PRESSURE
CM. H20  DYNES/SOCM. CM.,
: s ;
0.0 0. 8.7C00
6.44 6314, 6.5300
11.38 11162, 6.0850
21.33 20920. 5.465¢C
36.27 35568, ©.930¢C
61.21 60029. 4.3250
95.82 93961. 3.7850
145,60 142917, 3,2800

BO. + BLI#{X®BEXPNM) + B2%x (X®%EXPN)

SW = 3458,12 SUCM./G.
SV = 10657.52 SuCM,./CC.

FLUID PRESSURE DROP

0.827920 07
0.0
0.428560 10

= 60.00 CM. H20

EXPM =
EXPN =

0.9
0.200600 00

0.0452
0.0602
0.0646
0.0716
0.0798
0.0969
0.1039
0.1169
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Appendix-VIIT (Continued)

T e L e
. . . : e

WHULE PULP -- NOT CLASSIFIED, RUN 1

L2 2 X X E 23
LEE X

AR AR R Rk SR E RS ARG E R AT RSN RN SR E G A AR AR KRR R DR R IR SR H A SRS ER R eSS Rk kS

MAT SOLIDS CLMC. = 0.0762 G./CC.
0.De MAT wT., W = 16,7617 G.
MAT THICKNESS, L = 4,82 CM.
TOTAL PRESSURE DROP, DPL = 60.00 CM. H20
PERMEATINN VELOCITY, U = 1.223600 CM./SEC.
WATER TEMPERATURE, T = 37.5 DEGa C.
WATER VISCOSITY, MU = 0.006849 POISES
PERMEATION EXPER [MENT COMPRESSIBILITY EXPERIMENT
b4 ‘oPL '
PRESSURE D1 STANCE 3 MAT MAT SOLIDS
NaagER FEP“MXQP PRESSURE TAP READING PRESSURE THICKNESS COMCENTRATINM
’ CM. CM. H20 OYNES/SQCH. CM. H20  DYNES/SQCM. CM. G./CC.
1 G. 3256 3.60 1530430 0.0 0. 8.5200 0.0632
2 0.7¢C66 T 6400 5883.,82 6.40 6280, 642000 0.9593
3 1.C876 8.70 £531.55 11.34 11125, . 5.7250 0.0642
4 1.4686 11,480 11571.52 ©21.29 20880. 5.1100 0.0720
5 l.5496 15.50 15199.89 4 36.22 35524, 4.5100 0,015
6 2.2306 19.4G 19024.37 61.17 59984, 3.9100 0.03441 .
7 2.61l6 23,50 23044.99 95,77 93916, 3.3900 0.1 85
8 2.$926 27.50 26967.54 145.75 142933, 2.9150 0.1202
9 3.3736 33,00 32361.05
10 -3, 7546 39,50 38735.20
11 4.13%6 4T 00 46089.98
12 4.5166 54,00 52954445

- CUMPRESSIBILITY CONSTANTS

0.6R2CD-02
0.2411

EXPERIMENTAL EMPIRICAL CONSTANTS

DPL/DPL = A & ([Z/L)%%B) * EXP(C*Z/1) F = BO + BL%(X2XEXPM) + BOox(XHEEXPN)
WHERE s« WHERE.. .
A = 0.26383 HO = 0.873420 07 EXPM = 0.0
B = 0.592C€2 Bl = 0.0 EXPN = 0.200000 00

c 1.367C8 ’ 82 = 0.143730 11

HYDRODYNAMIC SPECIFIC VOLUME AND SURFACE

STATIC LOAD = 2C.07 CM. H20 FLUID PRESSURE DROP = 60.00 CM. H20
AVERAGE SPECIFIC VOLUME, V = 3,07 CC./G.

AVERAGE SPECIFIC SURFACE, SW = 3911.25 SQCM./G.

AVERAGE SPECIFIC SURFACE, SV = 1274.98 SQCM./CC.
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Appendix VIII (Continued)

q‘#ﬁ###$###tt##‘t#t##tt'#tﬁ“t######t““#ﬁ‘#t#‘#t‘3###*#tt‘#tt###ﬁtt#t‘l#vﬁ‘t‘#t##t#‘#
®

L4
*
]
%
*

DRUIGINAL DATA

MAT SOLIDS CONC.

B.D. MAT WT.yp W

MAT [HICKNESS, L

TCTAL PRESSURE DRGP,y DPL
PERMEATION VELGCITY, L
WATER TEMPERATURE, T
WATFR VISCOSITY, MUy

PERMEATION £XPERIMENT

L
PRESSURE DISIANCE
N&ﬁgER FEQPMX?P PRESSURE TAP READING
Ch. CM. HZ20 DYNES/SQCM.
1 0.4256 3.4% 3383.20
2 0.8066 5.90 5785.76
3 1. 1876 8.82 8649,22
4 1.5%¢680 12.00 11767.65
5 1.9496 15.10 14807.63
6 2.3306 18.50 18141.80
7 2.7116 22.20 21770.16
-} 3.06926 27.10 26575.28
9 3.47130 33.00 32361.05
10 3.8546 38.00 37264.24
11 4.23%6 46.00 $109.34
12 4.6166 53.00 51973.81
LUMPRESSIBILITY CONSTANIE
M = 0.60660-02
N = 0.2511
EiPEEl!ENleE FMPIR]CAL CUNSTANTS
DPZ/DPL = A * ((Z/L)%%B) % EXP{C*Z/L) F =
WHERE .. WHERE.. .
A = 0.30793 BO
B = 0.72668 Bl
C = 1.16871 B2

HYDRODYNAMIC SPEC]FIC VOLUME AND SURFACE

STATIC LOAD = 2C.08 CM. H20
AVERAGE SPECIFIC VOLUME, V =
AVERAGE SPECIFIC SURFACE, S
AVERAGE SPECIFIC SURFACE, SV

2.617

WHOLE PLLP -- NOT CLASSIFIED , RUN 2

0.0737 G./CC
16.5%39 G.
4.92 CHM.
60.00 CM. H20

1.102500 CM./S5tC.

32.0 DEG. C.
0.007647 POI

DPi

SES

Qtt*#t#t##t######ttt####tt#‘*t##tt#t‘#‘*‘#ttt#ttttttt#‘t*#‘#t##“#‘#tttvt#*“‘t“a‘t#ﬁ

COMPRESSIBILITY EXPERIMENT

PRE
CM. h20

0.0

6.43
11.37
21.31
36,24
61.18
95,79
145.77 ¢

BO + Bl&{(X®eEXPM)

0.106060 038
0.0
0.11561D 11

FLUID PRESSURE OROP = 60.00 CM.

CC./G.

= 4164,.54 SQOCM./G.
= 1557.31 SuCM./CC.

SSURE

CYNES/SQCM.

0.
6302.
11146,
2G6897.

35539,

59999,
9394l.
142948 .

MAT
THICKNESS

CMe

8.0950
6.3C50
5.8100

" 5.1400
4.4950
3.8800
3.3550

'2.8900

+ B2E(XHHEXPN)

EXPM =
EXPN =

H20

Q.0
0.200000 OC

LE-E X 2.

0.2418
C.0576
0.0625
G.0707
0.0808
0.09136
0.1083
0.1257
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APPENDIX IX

ANALYSIS OF INHERENT ASSUMPTION IN DETERMINING
§W.AND v AS FUNCTIONS OF PRESSURE SIMULTANEOUSLY

‘During the analysis of average specific surface, <§W>,_ and average specificl
volume, <v>, from constant rate filtration and wet mat compressibility data,

Equations (29) and (46) are used; these are of the general form:

Y = k; <sw>2 w2y kp <SW.>I2 <y>2'5 x (48)

. v

<8.> = Ly> = i i :
where <8 8, and.<y> = v in Equation (46) and where

Equation (29) . Equation (46)
k1 = 3.5(1-N/2) 1
k2 = ki 57(1-N/2)° 57
_ .3 N+3
X=¢c Eﬂ@{@g]
AP
Y = == AP_(C + BL/z)
91/213_ L ' 1-1.5N
(AP /AP.)
3.5ULUc, '3 =z L
===,

Equation (31) is in the form of a straight line; therefore, a lplot of Y vs.

X should be linear assuming <8 > and <y> independent of X. That is:

=W
slope = g—}Y(-= ko <S:W>2 <y>2+3 : (49)
intercept = Y - X a k1 <sw>2 <>tz : (50)

aX

In actuality, a plot of ¥ vs. X is not linear, and the nonlinearity has

been attributed to the dependence of <8 > and <v> on X (41); such that:

ay

= Qt ke <SW>2 <y>?+3 ~ (51)



dy
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Y - X == k; <8 >2 <v>7

dX

where Q represents those terms containing d<

was believed that if Q was assumed negligible then <

segments and applying Equations (51) and (52) to each segment.

W

_w

1/ 2

-XQ

(52)

S,>/dX and d<y>/dX. Previously it

§W> and <v> may be determined

as functions of X, and subsequently pressure, by dividing a plot of Y vs. X into

This procedure

was further improved by direct calculation of dY/dX using the numerical pro-

cedure discussed in the text.

But, Grace (61l) and Nelson (53) have demonstrated this method of analysis

is valid only if Q is exactly equal to zero.

Furthermore, Nelson (53) has

shown by analysis of this method of data reduction for Equation (29) that it is

equivalent to a further (and unstated) assumption represented by. Equation (53).

pems.

|

ARf de?
,ca dAPf
.3
- APf de¢ ) APf dt
3
6c dAPf t dAPf

pE—

(53)

Equation (53) represents the implied definition of <y>. Since Equation (53)

presently has no physical significance, it must be rejected as a plausable assump-

tion; and therefore Equation (29) may only be solved for a singular value of

<8, and <y>. The argument pertaining to Equation (46) is pelieved similar.

a?




