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Further considerations have indicated several alternate and

advantageous methods for graphically representing certain of the data

contained in Project Report One. These alternate methods may be demon-

strated as follows:

Relationship Between Fiber Length Index A 
and Handsheet Shrinkage

In Section One of Project Report One, relationships between the

fiber length index and handsheet shrinkage properties of pulps produced

by refining have been represented by means of log (handsheet shrinkage/

fibei r, vs. log (handsheet shrinkage) plots (see Figure 1-2

and page' 0, to, 29, in Project Report One), Plots of this nature resulted

in straight lines with positive slopes and could be conveniently repre-

sented by the following general form of equation:

FLx = FLo(S°) A-1

where: A= the slope of the straight line log (handsheet shrinkage/

fiber length index) vs. log (handsheet shrinkage') plot. ,-.n

FLo = the fiber length index of the unrefined pulp ,' ,,, 

FLx = the fiber length index of the pulp after any given

refining time of x minutes.

So = the handsheet shrinkage of the unrefined pulp

Sx = the handsheet shrinkage of the pulp after any given

refining time of x minutes.

Thus, the specific equation for the data represented in Figure

1-2 of .Project Report One would be:
, ,1 * ram = . 7 S 

< ,, , , FLx (grams) = 3.373 (2-23) 0o66
Sx
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'An'alternate and simpler method for expressing relationships

between the fiber length inaex and hanasheet shrinkage properties of

pulps produced by refining would be by means of log (fiber length index)

vs. log (handsheet snrinkage) plots ( see Figure 1 in this reportwhich 

represents the same data as presented in Figure 1-2 of Project Report One). , '

Plots of this nature result in straight lines with negative slopes and 

may be conveniently represented by the following form of equation.

FLx = Lo (Sx) B
So

.,w , -k, 3,-B .thne slope of the straight line log (fiber length index)

^?'t"'" $,;. . log (handsheet shrinkage) plot.

FLo, FLx, So, end Sx-= same properties as previously-noted.

Thus, the specific equation for the dat, represented in Figure

1 of tnis report would be:

FLx grains ) = 3.373 (SX ) -0.66*
2.23

Relationship Between Tensile Strength
and Handsheet Shrinkage

In Section Four of Project Report One, relationships between

the tensile strength and handsheet shrinkage properties of pulps produced

by refining have been represented by means of (tensile strength X handsheet

shrinkage) vs. (handsheet shrinkage) plots (see Figure 4-2 and pages 49-61

in Project Report One). Plots of this nature resulted in straight lines

with positive slopes and could be conveniently represented by the following

general fouP"bf equation:

#It 'thout *'F notd 37 ) -xTx A-. e 
*It should'be noted tht FLx = 3.373 ( S-) -066 is equivalent to

3FLx,=3. 73((2 23) 0.66 (n)2.23
FLx = 3.373 ) 66 (see equations on page 1).

i~~~S
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where: A = the slope of the straight line (tensile strength x. hand-

sheet shrinkage) vs. (handsheet shrinkage) plot.

C = the intercept of the straight line plot, expressed as

a positive number.

Sx = the handsheet shrinkage of the pulp after any g '- ^

refining time of x minutes.

Tx = the tensile strength of the pulp after any given refining

time of x minutes.

,g,(.Th %tX specific equation for the 'Run A, B, and C" data

rep e X i1Eat 4-2 of Project Report One would be:

Tx (lb./in./100 lb.) = 74.0-- 15
SX

An alternate manner for expressing relationships between the

tensile strength and handsheet shrinkage properties of pulps produced

by refining would be by means of (tensile strength) vs. (1/handsheet

shrinkage) plots (see Figure 2 in this report which represents th+eSae ' s ^' t

data as presented in Figure 4-2 of Project Report One). Plots of @ 1,

nature result in straight lines with negative slopes and may be conveniently

represented by the same general equation previously noted-i,e.,

Tx = A - C
Sx

In this case, however,

A = the intercept of the straight line (tensile

1.\' .... \S , ,strength) vs. (1/handsheet shrinkage) plot.

,,Aft! , IM C = the slope of the straight line plot.

I



Project 2020
Report 2
Page 4

Sx an'. T:: - sa- crartiz s -v_-ously noted.

Thus, the specific equation for the "Run A,B, and C" data

represented in Figure 2 of this report would be:

Tx (lb./in./100 lb.) = 74.0 -150
Sx

Relationship Between Tensile Strength
and Filtration Resistance

' n ,,',,Ion Five of Project Report One, relationships between

the and filtration resistance properties of pulps produced

by refining¢have: een represented by means of [tensile strength X log

(filtration resistance)] vs. log (filtration resistance) plots (see Figure

5-1 and pages 64 to 70 in Project Report One). Plots of this nature re-

sulted in straight lines with positive slopes and could be conveniently

represented by the following general form of equation:

Tx = A- -^- -
log FPx

where: A = the slope of the straight line [tensile strength X log

(filtration resistance)] vs. log (filtration resistance)

plot.

C = the intercept of the straight line plot, expressed as a

positive number.

FRx = the filtration resistance, (cm./g.) X 10-7 , of the pulp

at any given pressure dropA P after any given refining time of x minutes.

. 'Tx' = the tensile strength of the pulp after any given refining

' time of x minutes.
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Thus, the specific equation for the Coosa River 54 pulp represented

in Figure 5-1 of Project Report One would be:

Tx (lb./in./100 lb.) = 66.8 - 36.0
log FRx

An alternate manner for expressing relationships between the

tensile strength and filtration resistance properties of pulps produced

by refining would be by means of (tensile strength) vs. [1/log (filtration

resistance)] plots (see Figure 3 in this report which represents the same

Coosa River 54 pulp aata as presented in Figure 5-1 of Project Report One).

Plots aof.this'abure result in straight lines with negative slopes and may

be coatienienti represented by the same general equation previously noted - i.e.,

Tx = A -
log FRx

In this case, however,

A = the intercept of the straight line (tensile strength)

vs. [1/log (filtration resistance)] plot.

C = the slope of the straight line plot

FRx and Tx = same properties as previously noted.

Thus, the specific equation for the data represented in Figure

3 of this report would be:

Tx (lb./in./100 lb.) = 56.8 -36o
log FRx

It is suggested that the alternate methods of plotting presented

in this report may,prove very beneficial when handling certain of the data

presented in Project Report One. It should be noted, however, that the

- M
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- 5 

same information, results, ana conciuszons may be aerivea with either

method of plotting. Thus, these alternate methods of plotting would not

result in any additional or different information than already presented.

in Project Report One. ' ' , "

Xt;'! ,

.''.' ' "-
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Figure 1

~1.'~ ALTERNATE METHOD OF PLOTTING FIBER LENGTH INDEX AND
HANDSHEET SHRINKAGE DATA
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Figure 2

ALTERNATE METHOD OF PLOTTING TENSILE STRENGTH VS.
HANDSHEET SHRINKAGE DATA
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Figure 3

70 - ALTERNATE METHOD OF PLOTTING TENSILE STRENGTH
AND FILTRATION RESISTANCE DATA
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SUMMARY

The primary objective of this project was to investigate the fiber

length index and handsheet shrinkage properties of pulps and determine the
/

possible utility and potential of these properties for purposes of pulp

evaluation and mechanical refining process control. To attain this objective,

a variety of pulps were refined by a number of different refining actions and

a rather extensive analysis was made of the properties of the refined pulps.

Also, whenever applicable, the scope of the project was expanded to include

data from various other projects.

The results of the project work indicate that the handsheet shrink-

age and fiber length index properties of pulps, both by themselves and in

conjunction with other pulp properties, could prove useful for evaluating

pulps, characterizing mechanical refining actions, and controlling mechanical

refining processes. In addition, certain experimental relationships, between

handsheet shrinkage, fiber length index, filtration resistance, and strength

properties of pulps, could be applied for purposes of characterizing a

mechanical refining action, controlling a refining process, evaluating pulps,

and reducing the experimental data required to define the refining character-

istics of a pulp.
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TiMTROPUCT !TC?

Previous exploratory work undertaken for Project 1513 (see Project

1513, Project Report 24), has indicated that fiber length index and handsheet

shrinkage measurements might provide useful indications of important pulp

changes taking place during mechanical refining. This exploratory work

was of a relatively limited nature, however, and consequently it appeared

desirable to further investigate the utility of these particular measure-

ments. As a-result, the present project was initiated for the purpose

of more fully investigating the fiber length index and handsheet shrinkage

properties of pulps and determining the possible potential of these proper-

ties-as-tools for the evaluation-of-pulps and-the-control of-mechanical

refining processes.

EXPERIMENTAL WORK

Briefly, the experimental work consisted of refining a variety

of different pulps in a variety of different mechanical refining' instru-

ments. (The pulps, refining equipment, and refining conditions are described

in the "Experimental Data" section of this report.) Samples were obtained

at various refining levels for each specific pulp and each specific re-

fining instrument. These samples, consisting of the equivalent of at

least 40 grams of ovendry pulp, were subsequently processed in the follow-

ing manner:

(1) The sample was diluted to a consistency of about 0.25%

and the actual consistency was accurately determined by duplicate consistency

determinations (Institute Method 413).



Project 2020
Report 1
Page 5

(2) Two 2-g. (ovendry basis) samples of pulp werewremoved

for duplicate Schopper-Riegler freeness determinations (Institute Method 414).

(3) Two 10-g. (ovendry basis) samples of pulp were removed for

a fiber length index determination. (This determination was made according'

to Pulping Group Procedure 66. However, only 2 pulp samples were tested

instead of the 3 specified in the procedure.)

(4) TAPPI standard handsheets were formed from a portion of the

remaining slurry and tested for basis weight, caliper, apparent density,

tearing strength, bursting strength, tensile strength, zero-span tensile

strength, and formation.

-.. -(5)- Three shrinkage sheets were formed from.the remaining slurry

and tested according to Institute Method 406. (In this work, the wet sheets

were pressed between blotters, marked, dried in an oven, cooled, and again

pressed for 5 minutes at 50 p.s.i. before making the final shrinkage measure-

ment.)

For purposes of completeness, the scope of this project was

expanded to include data obtained from various other projects. These data,

and the circumstances under which they were obtained, are discussed in the

"Experimental Data" and "Experimental Results and Conclusions" section of

this report.
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EXPERIMENTAL DATA

The experimental data accumulated for this report have been

presented in Tables I through VIII. Briefly, these tables contain the

following information.

Table I--Refining of Weyerhaeuser Bleached Sulfite Pulp (Standard

Pulp) in Valley beater No. 2. This table represents-a comprehensive

study of a complete refining cycle--i.e., extensive data were obtained over

a refining range extending from an unbeaten pulp to a pulp beaten to a

Schopper-Riegler freeness of 145 ml.

Table II--Refining of Weverhaeuder Bleached Sulfite (Standard

Pulp) in Various Refining Equipment. This table represents a study of the

properties developed in a given pulp when it is subjected to a variety

of different refining actions. For this study the data obtained in the

present work was supplemented by certain .pertinent information previously

_reported in Project 1513, Project Report-24. Two laboratory Valley beaters,

-the.Jokro mill and the Lampen mill', were'included'in the investigation.

· Table IlI--Refining of Pulps other'-than Weyerhaeuser Sulfite

Standard Pulp. Tnis table represents a study and comparison of the proper-

ties imparted to several different pulps when they are subjected to similar

and dissimilar refining actions. Certain pertinent data from Project 1513,

Project Report 24, were included in this table and the study involved a

laboratory Valley beater, the Jokro mill, a Mosinee kraft pulp, a Bloedel

kraft pulp, a softwood sulfite pulp, and cotton linters.
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Table IV--Refining Studies Involving Mixtures of Weyerhaeuser

Sulfite Standard Pulp and Bloedel Kraft Pulp. This table represents a study

of the effects produced when a mixture of two dissimilar pulps is refined, and

a study of the effects produced when two dissimilar pulps are separately

refined and subsequently mixed in various ratios.

Table V--Additional Refining Data Obtained from Project 2028.

This table represents a study of the pulp properties produced when Weyerhaeuser

sulfite standard pulp is refined in the laboratory Morden Stock Maker. The

data have been included in this report to supplement the data and information

presented in Table II.

Table VI--Additional Refining Data Obtained from Project 2027.,

Progress Report One. Project 2027 involved a very comprehensive study of the

refining characteristics of four kraft pulps. Because of the extensive nature

of the data available from this project, it was decided to subject the same

pulps to handsheet shrinkage determinations and investigate the relationship

of handsheet shrinkage properties to the other pulp properties determined in

the Project 2027 work.

Table VII--Additional Refining Data Obtained from Project 2025,

Progress Report One. Project 2025 involved a very comprehensive study of the

refining characteristics of three kraft pulps. Because of the extensive

nature of the data available from this project, it was decided to subject the

same pulps to handsheet shrinkage determinations and investigate the relation-

ship of handsheet shrinkage properties to the other pulp properties determined

in the Project 2025 work.
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Thbl.' VII--NAdditional Refining Data Obtained from Project 1513,

Progress Reorts Thirteen and Sixteen, On the basis of the present Project

2020 work, it appeared desirable to further investigate certain possible

relationships between the filtration resistance characteristics and the ten-

sile strength characteristics of pulps. Both the filtration resistance

and tensile strength data were already available from previous Project 1513

work, and consequently these data were included in this report.
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EXPERIMENTAL RESULTS AND CONCLUSIONS

This report contains a substantial quantity of comprehensive in-

formation concerning the pulp properties and the balance between pulp proper-

ties which are produced by various refining actions. Thus, the report may

serve as a readily available source of data and an accumulation of information

which may find numerous applications for-specific purposes and interests.

The immediate and primary objective of this project, however, is the investi-

gation of fiber length index and handsheet shrinkage measurements as potential

and useful indicators of important pulp changes taking place during mechanical

refining. Thus, the scope of the discussions and conclusions presented will

be primarily limited to such considerations. It should be realized, however,

that there are other interestingaspects-of the'data which would have-general- - -

utility.

For ease of presentation, this part of the report has been divided

into several sections, each of which deals with separate and specific effects

of the mechanical refining process. The content of these several sections

may be briefly summarized as follows:

Section 1--Effect of Mechanical Refining on the Fiber Length Index

and Handsheet Shrinkage Properties of Pulps.

Section 2--Effect of Mechanical Refining on the Filtration Resist-

ance and Handsheet Shrinkage Properties of Pulps.

Section 3--Effect of Mechanical Refining on the Tensile Strength

and Fiber Length Index Properties of Pulps.

Section 4--Effect of Mechanical Refining on the Tensile Strength

and Handsheet Shrinkage Properties of Pulps.
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Section 5--Effect of Mechanical Refining on the Tensile Strength and

Filtration Resistance Properties of Pulps.

Section 6--Effect of Mechanical Refining on the Properties of Pulp

Mixtures.

Section 7--Effect of Mechanical Refining on the Schopper-Riegler

Freeness and Handsheet Shrinkage Properties of Pulps.

Section 8--Effect of Mechanical Refining on the Tensile Strength,

Schopper-Riegler Freeness, and Handsheet Shrinkage Properties of Pulps.

Section 9--Effect of Mechanical Refining on the Ter-ing Stlr:lnth,

Fiber Length Index, and Handsheet Shrinkage Properties of Pulps.
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SECTION 1

EFFECT OF MECHANICAL REFINING ON THE FIBER LENGTH INDEX AND HANDSHEET

SHRINKAGE PROPERTIES OF PULPS
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SECTION 1

EFFECT OF MECHANICAL REFINING ON THE FIBER LENGTH INDEX
AND HANDSHEET SHRINKAGE PROPERTIES OF PULPS

NATURE OF FIBER LENGTH INDEX AND HANDSHEET SHRINKAGE
RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The changes whichfiber length index and handsheet shrinkage

properties undergo as a result of mechanical refining have been presented

in Figures 1-1 through 1-5. These figures indicate that:

(1) When a pulp is subjected to a Valley beater refining action,

the handsheet shrinkage properties of the pulp progressively increase and

the-fiber-length index properties progressively decrease (see-Figure 1-1-

and note that the fiber length;index scale has been reversed).

(2) For a given pulp and a given refining action, there is a fixed

relationship between fiber length index and handsheet shrinkage properties

which exist over the entire refining cycle--i.e., down to a Schopper-Riegler

freeness range of about 145,inl. (see',Figure 1-2).

(3) For a given pulp, the relationship of fiber length index to

handsheet shrinkage properties varies depending upon the type of refining

action to which the pulp is subjected. Again, however, for any given type

of refining action, a fixed relationship exists over the entire refining

cycle. This may be seen from Figure 1-3 which indicates that various refin-

ing instruments produced different refining actions. As an example, the Lampen

mill produced lower fiber length index properties at a given handsheet shrink-

age level than the Jokro mill, and the Jokro mill in turn produced lower
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FIGURE 1-3

:imI; T oA. F)IV £N T PLtIN ING ACT i M3 ON TPlE

Fl DIVR LE"N(;ilh CJDIP AND 1IANODSITEN'_.T, 111RINI(AGE

I'noP%:hTWES OF A G'IVEN1 PULP
(Wyeorhaoiser Staniard Pul1p employed in all

/8
'uns)

NOTr: The greater the slope of the curve.
the lower the fiber length index
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fiber length index pronnrties than the Valley beater. (General differences

in the refining action of the various instruments may also be noted by the

fact that at a given level of tensile strength, the Lampen mill produced

the lowest tearing strength properties and the Valley beater produced the

highest tearing strength properties.)

(4) The relationship of fiber length index to handsheet shrinkage

varies depending upon the nature of the pulp refined. Again, however, for

a given pulp and a given refining action, a fixed relationship exists over

the entire refining cycle (see Figures 1-4 and 1-5). Thus, the general

fiber length index and handsheet shrinkage relationships previously described

hold for-a'wide variety of pulps-and refining actions. In fact, the relation-- - -

ships held with all of the data presently available.

EXPERIMENTAL DETERMINATION OF FIBER LENGTH INDEX AND HANDSHEET
SHRINKAGE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The nature of the curves in Figures 1-2 through 1-5 indicate that

the fiber length index and handsheet shrinkage relationship for any given

pulp and any given refining action could be simply and rapidly established

by merely determining the handsheet shrinkage and fiber length index proper-

ties of the unrefined pulp and the handsheet shrinkage and fiber length index

properties of the pulp refined to any one given level. Also, the relation-

ship for any additional refining actions could be established by refining

the pulp, with the desired refining action, to any one given level and sub-

sequently determining the fiber length index and handsheet shrinkage proper-

ties of the refined pulps. It should be noted, however, that investigations
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FIGURE 1-5

EFFECT OF REFINING ACTION ON FIBER LENGTH INDEX AND HANDSIIEET
SHRINKAGE PRQP9RTTES OF VARIOUS PULPS
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at additional refining levels would improve the accuracy of the relation-

ships determined by this method.

MATHEMATICAL EXPRESSION OF THE FIBER LENGTH INDEX AND
HANDSHEET SHRINKAGE RELATIONSHIP PRODUCED BY MECHANICAL REFINING

A mathematical expression of the fiber length index and handsheet

shrinkage relationship produced by mechanical refining may be derived as

follows:

(1) Refer to Figure 1-2 and let:

A = the slope of the curve (straight line)

.FLo j the fiber length index of the unrefined pulp

FLx = the fiber lengthindex of the pulp after any given
refining time of x minutes

So = the handsheet shrinkage of the unrefined pulp

Sx = the handsheet shrinkage of the pulp after any
given refining time-of x minutes

(2) Then, from Figure.1-2:. ,'.

. '.- Sx - ' -
-. log - log _ = A (log Sx - log So), or

nFEx

Sx A
S'x

So

FLo

(3) Then by algebraic manipulation:

FL = Sx (So) (FLo)
' X A-

ox SO

Sx

_Ti;
SxA So

S A FL
0

, and FLx = FL (S )x "x

- I:
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For the specific case represented in Figure 1-2:

"A" in the above expression would be a constant equivalent to the

slope of the curve, or 1.66:

"So" would be a constant equivalent to the handsheet shrinkage of

the unrefined pulp, or 2.23; and

"FLo" would be a constant equivalent to the fiber length index of

the unrefined pulp, or 3.373.

Thus, the expression would become:

FLx (grams) = 3.373 (2.23) o.66

and it would be possible to calculate fiber length index properties of the

pulp--which correspond- to -the-experimentally-determined -handsheet-shrinkage- ---- -

values obtained at various levels of refining. (Such calculations were

performed and are represented by the curve in Figure 1-1--i.e., the actual

curve was based on fiber length index values calculated with the above

expression, and the experimental points were superimposed on this curve.)

Likewise, the mathematical expression for curves presented in

Figure 1-3 would be:

2 23 2.09
Fx = 3.373 ( ) for Weyerhaeuser pulp refined in the Lampen

x mill

F = 3.373 (2-. )61 for Weyerhaeuser pulp refined in the Jokro
x -x mill

F = 3.373 ( 1.22 for Weyerhaeuser pulp refined in the Morden
x Stock-Maker, etc.
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SIGNIFICANCE AND UTILITY OF FIBER LENGTH INDEX AND
HANDSHEET SHRINKAGE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The experimental results indicate that fiber length index and

handsheet drainage relationships may prove useful in a number of applications

including:

(1) Characterization of a refining action. Fiber length index and

handsheet shrinkage measurements could be employed to at least partially

characterize a refining action. This could be accomplished by a method demon-

strated in Figure 1-3--i.e., the slope of the curves obtained with a given

pulp and different refining actions could be employed to characterize the

refining action.

(2) Control of a refining process. Fiber length index and hand-

sheet shrinkage measurements could be employed to control a given refining

process. As an example, the [fiber length index-handsheet shrinkage]

relationship for a desired refining process could be established and employed

as a control. Thus, possible subsequent changes in this relationship would

indicate that the process was out of control--i.e., either the refining action

had changed or/and the pulp supplied to the process had changed.

(3) Laboratory evaluation of a pulp. Fiber length index measure-

ments could be employed to indicate the relative degree to which refining

shortens the fibers in a pulp. Also, the fiber length index properties of

a pulp could be predicted over an entire refining cycle by means of hand-

sheet shrinkage measurements and a limited number of fiber length index

measurements. This would be particularly advantageous when small quantities

of pulp are involved--i.e., about 3 to 5 grams of pulp are required for a

handsheet shrinkage determination, whereas at least 20 g. of pulp are required

for a fiber length index determination.
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SECTION 2

EFFECT OF MECHANICAL REFINING ON THE FILTRATION RESISTANCE

AND HANDSHEET SHRINKAGE PROPERTIES OF PULPS
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SECTION 2

EFFECT OF MECHANICAL REFINING ON THE FILTRATION RESISTANCE
AND HANDSHEET SHRINKAGE PROPERTIES OF PULPS

NATURE OF FILTRATION RESISTANCE AND HANDSHEET SHRINKAGE
RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The changes which filtration resistance and handsheet shrinkage

properties undergo as a result of mechanical refining have been presented

in Figures 2-1 through 2-4. These figures indicate that:

(1) When a pulp is subjected to a Valley beater refining action,

both the handsheet shrinkage and the filtration resistance properties of

the pulp progressively increase (see Figure 2-1).

(2) For a given pulp and a given refining action, there is a fixed

relationship between filtration resistance and handsheet shrinkage properties

which apparently exists over the entire refining cycle. [This type of relation-

ship is apparent with filtration resistance data obtained at any given pressure

drop and with filtration resistance data obtained with either "whole" or "hand-

sheet" stock (see Figures 2-1 and 2-2).]

(3) The relationships between filtration resistance and handsheet

shrinkage properties vary depending upon the nature of the pulp refined.

Again, however, for a given pulp and a given refining action, a fixed relation-

ship exists throughout the refining cycle (see Figures 2-3 and 2-4).

EXPERIMENTAL DETERMINATION OF FILTRATION RESISTANCE AND HANDSHEET
SHRINKAGE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The nature of the curves in Figures 2-1 and 2-4 indicate that the
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filtration resistance and handsheet shrinkage relationship for any given

pulp refined in the Valley beater (other types of refiners were not checked

in the present work) could be simply and rapidly established by merely determin-

ing the handsheet shrinkage and.filtration resistance properties of the un-

refined pulp and the handsheet shrinkage and filtration resistance properties

of the pulp refined to any one given level. It should be noted, however,

that investigations at additional refining levels would improve the accuracy

of the relationship,

MATHEMATICAL EXPRESSION OF THE FILTRATION RESISTANCE AND
HANDSHEET SHRINKAGE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

From any curve in Figures. 2-1 to 2-4, it may be seen that a math-

ematical expression for the'filtration resistance and handsheet shrinkage

relationship produced by mechanical refining would be:

FR = anti log [A(Sx - S) + log FR ]x

where: .' 

- A = the slope of the 'curve (straight line)

- ' - FRo = the filtration resistance.of the unrefined pulp at any
/. 'given pressure drop AP. .

FRX = the filtration resistance of the pulp at any given pressure
drop AP after any given refining time of x minutes.

S = the handsheet shrinkage of the pulp after any given refining
o time of x minutes..

In the specific case of the AP = 50 cm. H20" curve in Figure 2-2:

'A" in the above expression would be a constant equivalent to the

slope of the.curve, or 0,264;

IS " would be a constant equivalent to the handsheet shrinkage of
the unrefined pulp, or 232; and

the unrefined pulp, or 2.32; and
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FIGURE 2-2 

GENERAL EFFECT OF VALLEY BEATER REFINING ACTION ON FILTRATION RESISTANCE
AND HANDSHEET SHRINKAGE PROPERTIES

(Filtration Resistance Data Obtained on "Handsheet".Stock)
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FIGURE 2-3

l~RtOF VALLEY HE-ATE-'R REFINING ACTION4 ON FILTRATION RESISTANCE
AMl [!XDSIISIr 2RITNKAGE PROPERTIES OF' VARIOUS PULPS
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FIGtJRS 2-4

EFFECT OF VALLEY BEATER REFINING ACTION ON FILTRATION
RESISTANCE AND HANDSHE~r SHRINKAGE PROPERTIES OF

VARIOUS PULP'S

(FIltration Resistance Data Obtained on "IHandsheet" Stock at &P =50 am. 820)
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*log FRo " would be a constant equivalent to log [(filtration

resistance of the unrefined 'handsheet" stock obtained at a pressure drop of

50 cm. of water) x 10-7], or 0.543.

Thus, the expression would become:

FRx [(cm./g.) x107] = anti log [0.264 (Sx-2.32) + 0.5431.

In the present work, both filtration resistance and handsheet

shrinkage data were available only for pulps which had been refined in the

Valley beater. Therefore, it cannot be definitely stated if the above type

of relationship would also apply to. pulps refined in other refining instru-

ments. It appears quite likely, -however, that such would be the case-and-

further work would be desirable to substantiate this contention. If the same

general type of relationships were found with other refining instruments, the

[filtration resistance-handsheet shrinkage] relationship would perhaps provide

a convenient method for at least partially characterizing a refining action.

' Thus, if a given pulp were refined in a variety of instruments, "A" in the

above relationship would be the-only constant which would change with diff-

erent refining actions and consequently the value of A could be employed to

define the refining action. '

SIGNIFICANCE AND UTILITY OF FILTRATION RESISTANCE AND
HANDSHEET SHRINKAGE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The experimental results indicate that filtration resistance and

handsheet shrinkage relationships may prove useful in a number of applications

including:
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(1) Characterization of a refining action. Further work would

be required to definitely establish the utility of filtration resistance and

handsheet shrinkage relationships for characterizing a refining action.

It appears likely, however, that such relationships would prove useful and

could be employed in the manner previously described in this section of the

report.

An obvious advantage in using [fiber length index-handsheet

shrinkage] and [filtration resistance-handsheet shrinkage] relationships

to characterize a refining action would be the fact that the relationships

apparently apply over the entire refining cycle (further work should be done

.. with the filtration-resistance-test)-and-they-may-readily-be-established- ----- - -

with a small number of relatively simple and rapid tests. Also, fiber

length index measurements are considered a measure of fiber length, handsheet

shrinkage measurements are considered a measure of hydration, and filtration

resistance measurements are considered a measure of the drainage behavior of

stock in papermaking operations and a strong indication of the specific sur-

face of the pulp. Thus, the use of the above two relationships for character-

izing a refining action would tend to be indicative of the relative cutting,

hydration, surface development, and drainage characteristics produced by the

refining action.

(2) Control of a refining process. Filtration resistance values

have been advocated for control purposes in certain refining operations.

The relationship between filtration resistance and handsheet shrinkage

measurements demonstrated in the present work, however, would indicate that--

at least in certain applications--handsheet shrinkage measurements could be

substituted for filtration resistance tests. Further, it would appear that

. ,~~~~~~~~~~~~~~~~~-
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[filtration resistance-handsheet shrinkage] relationships might be employed

for control purposes in the same manner as the [fiber length index-handsheet

shrinkage] relationships described in Section 1 of this report (see page 21).

(3) Laboratory evaluation of a pulp. Apparently the filtration

resistance properties of a pulp could be predicted over an entire refining

cycle by means of handsheet shrinkage measurements and a limited number of

filtration resistance measurements. This would be particularly advantageous

because of a saving in work and time.
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SECTION 3

EFFECT OF MECHANICAL REFINING ON THE TENSILE STRENGTH AND

FIBER LENGTH INDEX PROPERTIES OF PULPS
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SECTION 3

EFFECT OF MECHANICAL REFINING ON THE TENSILE STRENGTH
AND FIBER LENGTH INDEX PROPERTIES OF PULPS

NATURE OF TENSILE STRENGTH AND FIBER LENGTH INDEX
RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The changes which tensile strength and fiber length index properties

undergo as a result of mechanical refining have been presented in Figures 3-1

through 3-5. These figures indicate that:

(1) When a pulp is subjected to a Valley beater refining action,

the fiber length index properties of the pulp progressively decrease and

the tensile strength properties progressively increase (see Figure 3-1 and

note that the fiber length index scale has been reversed). Further, there is

a straight line relationship between tensile strength and fiber length index

properties which exists over most of the refining cycle.

(2) For a given pulp, the straight line relationship between

tensile strength and fiber length index properties varies depending upon the

type of refining action to which the pulp is subjected (see Figure 3-2).

(3) The straight line relationship between tensile strength and

fiber length index properties varies depending upon the nature of the pulp

refined (see Figures 3-3, 3-4, and 3-5).

(4) For a given pulp and a given refining action, a straight line

relationship exists between the tensile strength and fiber length index

properties of the pulp (see Figures 3-1 through 3-5). This relationship,

however, exists only until the maximum attainable tensile strength of the

pulp is approached--i.e., the relationship is no longer valid when the

refining cycle is extended to the point where the tensile strength remains

constant or actually decreases (see Figure 3-4).
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FIGURE 3-5
EEYI1? OF REFINING ACTION ON TENS.;.LE STRCENGTH AND FIBE,'R LENGTH

INDEX PROPERTIES OF VARIOUS PULPS
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EXPERIMENTAL DETERMINATION OF TENSILE STRENGTH AND FIBER
LENGTH INDEX RELATIONSHIPS PRODUCED BY :IEC-AI.CAL REFINING

The nature of the curves in Figures 3-1 through 3-5 indicates that

the tensile strength and fiber length index relationship for any given pulp

and any given refining action could be simply and rapidly established by merely

determining the tensile strength and fiber length index properties of the

unrefined pulp and the tensile strength and fiber length index properties of

the pulp refined to any one given level below the maximum attainable tensile

strength of the pulp. Also, the relationship for any additional refining

actions could be established by refining the pulp, with the desired refining

action, to any one given level, below the maximum attainable tensile strength,

and subsequently determining the fiber length index and tensile strength

properties of the refined pulp. It should be noted, however, that investi-

gations at additional refining levels would improve the accuracy of the

relationship determined by this method.

MATHEMATICAL EXPRESSION OF THE TENSILE STRENGTH AND FIBER
LENGTH INDEX RELATIONSHIP PRODUCED BY MECHANICAL REFINING

From any curve in Figures 3-1 to 3-5, it may be seen that a

mathematical expression for the tensile strength and fiber length index

relationship produced by mechanical refining would be:

Tx = A(FL - FL ) + T

where:

A = the slope of the curve (straight line)

FLo= the fiber length index of the unrefined pulp

FL. = the fiber length index of the pulp after any given refining
x time of x minutes
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o = the tensill strength of the unrefined pulp

T = the tensile strength of the pulp after any given
x refining time of x minutes

For the specific case of the Valley beater No. 2 refined pulp in

Figure 3-2:

"A" in the above relationship would be a constant equivalent to

the slope of the curve, or 22.3;

"FL * would be a constant equivalent to the fiber length index of

the unrefined pulp, or 3.373; and

OaTo would be a constant equivalent to the tensile strength of

the unrefined pulp, or 9.1.

Thus, the expression would becodme-

Tx (lb./in./100 lb.) = 22.3 (3.373 - FL ) + 9.1x x

Likewise, the mathematical expression for other curves presented

in Figure 3-2 would be:

Tx = 15.6 (3.373 - FLx ) + 9.1 for Weyerhaeuser pulp refined in the

Morden Stock-Maker.

Tx = 12.9 (3.373 - FL ) + 9.1 for Weyerhaeuser pulp refined in the

'Lampen mill, etc.

SIGNIFICANCE AND UTILITY OF TENSILE STRENGTH AND FIBER
LENGTH INDEX RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The experimental results indicate that tensile strength and fiber

length index relationships may prove useful in a number of applications

including:
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SECTION 4

EFFECT OF MECHANICAL REFINING ON TENSILE STRENGTH AND

HANDSHEET SHRINKAGE PROPERTIES OF PULPS
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SECTION 4

EFFECT OF MECHANICAL REFINING ON TENSILE STRENGTH AND
HANDSHEET SHRINKAGE PROPERTIES OF PULPS

NATURE OF TENSILE STRENGTH AND HANDSHEET SHRINKAGE
RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The changes which tensile strength and handsheet shrinkage properties

undergo as a result of mechanical refining have been presented in Figures 4-1

through 4-9. These figures indicate that:

(1) When a pulp is subjected to a Valley beater refining action,

both the handsheet shrinkage and the tensile strength properties of the

'pudl-p rogressively increase (see Figure 4-1t-)-.-- -

(2) When the [tensile strength x handsheet shrinkage] properties

of a pulp are plotted against the handsheet shrinkage properties of the pulp.

a straight line relationship results which exists over most of the refining

cycle (see Figure 4-2). Thus, for a given pulp and a given refining action,

there is a fixed relationship between tensile strength and handsheet shrinkage

properties which exists over most of the refining cycle.

(3) The relationship of tensile strength to handsheet shrinkage

varies depending upon the nature of the pulp refined. Again, however, for a

given pulp and a given refining action, a fixed relationship exists over most

of the refining cycle (see Figures 4-2 through 4-8).

(4) For a given pulp, the relationship of tensile strength to

handsheet shrinkage properties varies depending upon the type of refining

action to which the pulp is subjected. Again, however, for any given type

of refining action, a fixed relationship exists over most of the refining
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FIGURE 4-5
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cycle (see Figures 4-5 through h-8, and particularly Figure 4-9).

(5) When a given pulp is refined with a variety of refining

actions, the slope of the [tensile strength x handsheet shrinkage] vs.

[handsheet shrinkage] relationship remains essentially constant (see Figures

4-2, 4-5, through 4-8, and particularly Figure 4-9). As an example:

Figure 4-2 (Weyerhaeuser pulp, Valley beater) - slope = 6.90 to

74.0 (av. = 71.5).

Figure 4-5 (Weyerhaeuser pulp, Valley beater runs) - slope = 71.2.

Figure 4-6 (Weyerhaeuser pulp. Jokro mill) - slope = 70.7.

Figure 4-7 (Weyerhaeuser pulp, Morden Stock-Maker) - slope = 70.8.

Figure 4-8 (Weyerhaeuser pulp, Lampen mill) - slope = 71.0.

Figure 4-5 (Bloedel kraft pulp, Valley beater) - slope = 91.6.

Figure 4-6 (Bloedel kraft pulp. Jokro mill) - slope = 91.6.

(6) When a given pulp is refined with a variety of refining actions,

the intercept of the [tensile strength x handsheet shrinkage] vs. [handsheet

shrinkage] relationship may vary, although the slope of the relationship

remains essentially constant (see Figure 4-9). Thus, it may be seen that the

relationship does not hold at extremely low degrees of refining (does not

apply until the specific characteristics of the refining action have been

exerted on the pulp--i.e., until the Schopper-Riegler freeness of the un-

refined pulp has been reduced by about 30 ml.). Also, from the nature of

the relationship, it can be seen that it would not be expected to apply when

the refining cycle has been extended to the point where tensile strength

actually begins to decrease.
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EXPERIMENTAL DETERMINATION OF TNSILE STRENGTH AND nHAiNDS :ET
SHRINKAGE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The nature of the curves in Figures 4-2 to 4-9 indicates that the

tensile strength and handsheet shrinkage relationship for any given pulp and

any given refining action could be easily established by determining the

handsheet shrinkage and tensile strength properties of the pulp at any two

given levels of refining midway in the refining cycle. Also, since the slope

of the straight line relationship (see figures) apparently remains the same

for a given pulp, the relationship for any additional refining actions could

be established by refining the pulp, with the desired refining action, to any

one- given level midway_ in the refining cycle and subsequently determining the

tensile strength and handsheet shrinkage properties of the refined pulp. It

should be noted, however, that investigations at additional refining levels

would improve the accuracy of the relationships determined by this method.

MATHEMATICAL EXPRESSION OF THE TENSILE STRENGTH AND HANDSHEET
SHRINKAGE RELATIONSHIP PRODUCED BY MECHANICAL REFINING

From the curves in Figure 4-2 it may be seen that a mathematical

expression for the tensile strength and handsheet shrinkage relationship

produced by mechanical refining would be:

C
Tx X Sx = ASx - C, or T = A - -S

where: A =the slope of the curve (straight line)

C = the intercept of the curve (straight line),
expressed as a positive number

Sx = the handsheet shrinkage of the pulp after any given
refining time of x minutes

'Tx = the tensile strength of the pulp after any given
refining time of x minutes.

I



Froj,:ct 2!20
Report 1
Page 61

For the specific case of Valley beater No. 2, Runs A, B, and C

(Figure 4-2):

'Al in the above relationship would be a constant equivalent to

the slope of the curve, or 74.0; 

"C" would be a constant equivalent to the intercept of the curve,

or 150. Thus, the expression would become:

Tx (lb./in./100 lb.) = 74.0 - 150
Sx

Likewise, the expression would become:

Tx (lb./in./100 lb.) = 69.0 - 150 for Valley beater No. 2. Run D.x

From these two expressions, it would be possible to calculate

tensile strength properties which correspond to the handsheet shrinkage values

experimentally determined at various levels of refining. Such calculations

were performed and are represented by the curves in Figure 4 -1--i.e., the

actual curves were based on tensile strength values calculated with the above

expressions and the experimental points,were superimposed on these curves.

SIGNIFICANCE AND UTILITY OF TENSILE STRENGTH AND HANDSHEET
'SHRINKAGE RELATIONSHIPS PRODUCED BY-MECHANICAL REFINING

The experimental results indicate that tensile strength and handsheet

shrinkage relationships may prove useful in a number of applications including:

(1) Control of a refining process. The nature of the [tensile

strength-handsheet shrinkage] relationships suggests that handsheet shrinkage

measurements would prove desirable for controlling a given refining process.

(2) Laboratory evaluation of a pulp. The nature of the [tensile

strength x handsheet shrinkage] vs. [handsheet shrinkage] relationships

suggests a number of applications for pulp evaluation purposes, i.e.:
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(a) With complete handsheet shrinkage data and only limited

tensile strength data (two experimental points), it would be possible to

estimate the tensile strength properties of a pulp over the range of a

refining cycle which is generally of most interest in papermaking operations.

(b) When a pulp is subjected to different refining actions,

it appears that 0CW in the 'T = A - Cs " relationship is the only constantx ^sx
which would vary (see Figure 4-9). Thus, an estimation of the tensile strength

characteristics produced in a pulp when refined by a different refining action

could be readily approximated by determining the handsheet shrinkage proper-

ties of the pulp over the entire refining cycle and the actual tensile

strength properties of the-pulp at.only one level of refining. 

(c) In the "Tx = A - C * relationship, the value for 'A"

x
is dependent upon the nature of the pulp, and relatively independent of the

type of refining action (see Figure 4-9). Thus, it would appear that the

value of 'A" obtained with a given pulp would serve as a convenient constant

for characterizing the maximum tensile strength development potential of the

pulp. As an example, consider the pulps represented in Figure 4-5, where:

For the Weyerhaeuser pulp: Tx = 71.2 - 1i-; A = 71.2

For the 50% Weyerhaeuser pulp: Tx = 81.0 - -; A T 81.0Ax . ~ 150
For the Bloedel pulp: Tx = 91.6 - C A = 91.6

For the Mosinee pulp: T = 102.2 -C; A = 102.2
x -a13

With these pulps it may be seen that the maximum tensile strength

development potential of the pulps increases as the "A" values for the pulps

increase. As an example, "A" for the Weyerhaeuser pulp = 71.2 and "A' for

the 50% Weyerhaeuser pulp = 81.0. Also, the maximum tensile strength develop-

ment potential of the 50% Weyerhaeuser pulp is greater than for the Weyerhaeuser
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pulp, etc.

An obvious advantage to this method of pulp characterization would

be the fact that only a limited quantity of data would be required (only two

experimental points) and the levels of refining at which the data were ob-

tained would not be very critical. Furthermore, the refining cycle would

not necessarily have to be extended to the point of maximum tensile strength

development and apparently the type of refining action would not be critical.
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SECTION 5

EFFECT OF MECHANICAL REFINING ON TENSILE STRENGTH AND FILTRATION

RESISTANCE PROPERTIES OF PULPS
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SECTION 5

EFFECT OF MECHANICAL REFINING ON TENSILE STRENGTH AND
FILTRATION RESISTANCE PROPERTIES OF PULPS

NATURE OF TENSILE STRENGTH AND FILTRATION RESISTANCE
RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

Previous relationships [filtration resistance-handsheet shrinkage]

and [tensile strength-handsheet shrinkage] suggested that a straight line

relationship would result when the [tensile strength x log (filtration resist-

ance)] properties of refined pulps were plotted against the [log (filtration

resistance)] properties- of the- pulp. -This,- in-fact, proved to-be the-case

and the changes which tensile strength and filtration resistance properties

undergo as a result of mechanical refining have been presented in Figures 5-1

through 5-3. These figures indicate that:

(1) When a pulp is subjected to either a Valley beater refining

action or a ball mill refining action, both the filtration resistance and the

tensile strength properties of the pulp progressively increase (see Figures

5-1 through 5-3).

(2) When the [tensile strength x log (filtration resistance)]

properties of a pulp are plotted against the [log (filtration resistance)]

properties of the pulp, a straight line relationship results which exists

over most of the refining cycle (see Figures 5-1 through 5-3). Thus, for a

given pulp and a given refining action, there is a fixed relationship between

tensile strength and filtration resistance properties which exists over most

of the refining-cycle. (From the nature of the relationship, it can be seen

that it would not be expected to apply when the refining cycle has been
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FIOURS 5-2
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FIGURE 5-3
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extended to the point where tensile strength actually begins to decrease.)

(3) The relationship of tensile strength to filtration resistance

varies depending upon the nature of the pulp refined. Again, however, for

a given pulp and a given refining action, a fixed relationship exists over

most of the refining cycle (see Figures 5-1 through 5-3).

(4) Data regarding the refining of a given pulp with a number of

different refining actions are not presently available. Therefore, the

effect of different refining actions on the tensile strength-filtration

resistance relationships cannot be properly assessed at this time.

EXPERIMENTAL DETERMINATION OF TENSILE STRENGTH AND FILTRATION 
RESISTANCE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The nature of the curves in Figures 5-1 through 5-3 indicates

that the tensile strength and filtration resistance relationship for any

given pulp and any given refining action could be easily established by

determining the filtration resistance and tensile strength properties of a

pulp refined to two different levels below the maximum attainable tensile

strength of the pulp. It should be noted, however, that investigations at

additional refining levels would improve the accuracy of the relationships

determined by this method.

MATHEMATICAL EXPRESSION OF THE TENSILE STRENGTH AND FILTRATION
RESISTANCE RELATIONSHIP PRODUCED BY MECHANICAL REFINING

From the curves in Figure 5-1, it may be seen that a mathematical

expression for the tensile strength and filtration resistance relationship

produced by refining would be:
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T. x log FR = A log FR - C, or Tx =A - C
log FRx '

where:

A = the slope of the curve (straight line)

C = the intercept of the curve (straight line), expressed as a
positive number

FRx = the filtration resistance of the pulp at any given pressure
drop aP after any given refining time of x minutes.

Tx = the tensile strength of the pulp after any given refining
time of x minutes

For the specific case of the Coosa River 54 pulp in Figure 5-1:

"A" in the above relationship would be a constant equivalent to the

slope of theccurve, or 66.8-; .. - - - - - -.- -- .- .-

*C" would be a constant equivalent to the intercept of the curve,

or 36.0. Thus, the expression would become:

Tx (lb./in./100 lb.) = 66.8 - 36.0 .
log FRx

SIGNIFICANCE AND UTILITY OF TENSILE STRENGTH AND FILTRATION
RESISTANCE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The experimental results indicate that tensile strength and filtration

resistance relationships may prove useful in a number of applications including:

(1) Control of a refining process. The nature of the [tensile

strength-filtration resistance] relationships suggests that filtration resist-

ance measurements would prove desirable for controlling a given refining

process. (Due to the similarity of these relationships with tensile strength-

handsheet shrinkage relationships, however, it would appear that in many cases,

handsheet shrinkage measurements could be substituted for filtration resistance

measurements.)
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(2) Laboratory evaluation of a pulp. The nature of the [tensile

strength x log (filtration resistance)] vs. [log (filtration resistance)]

relationships suggests a number of applications for pulp evaluation purposes--

i.e.:

(a) With complete filtration resistance data and only limited

tensile strength data (two experimental points), it would be possible to

estimate the tensile strength properties of a pulp over the range of a re-

fining cycle which is generally of most interest in papermaking operations.

Conversely, the changes in the filtration resistance or drainage properties

of a pulp could be estimated with complete tensile strength data and limited

filtration-resistance-data.- .

(b) The values of OA" in the "Tx = A -C - ' relationship

might possibly serve as a convenient constant for characterizing the maximum

tensile strength development potential of a pulp. Such a characterization

method would be similar to that previously described with the [tensile

strength-handsheet shrinkage] relationship (see Section 4 of this report,

page 50); It should be noted, however: that additional work with a variety

of refining actions would be required to fully investigate the use of the

[tensile strength-filtration resistance] relationship in this manner.

It is interesting to note the values of "A" obtained for several

pulps from both the [tensile strength-handsheet shrinkage] relationship and

the [tensile strength-filtration resistance] relationships--i.e.:

"A" fm "Afrom "T= A -

Pulp (Figures 4-3 and 4-45 (Fig. 5-1 and 5-2)

Georgianier--Valley beater 78.3 78.2
East Texas--Valley beater 78.3 78.2
Coosa River 55--Valley beater 71.5 75.4
Coosa River 54--Valley beater 63.5 66.8
Riegel--Valley beater 91.5) 88.9)
Jesup--Valley beater 91.5) Av.= 91.5 93.3) Av.= 88.8
Harmac--Valley beater 91.5) 84.2)
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SECTION 6

EFFECT OF MECHANICAL REFINING ON THE PROPERTIES OF PULP MIXTURES

In previous sections of this report (Sections 1-5), the effect of

refining on various relationships between pulp properties have been presented

and discussed. The primary purpose of this section of the report is to

examine the effect of pulp mixtures on these relationships. This has been

done with the aid of Figures 6-1 through 6-3 which indicate the following

effects:

(1) Characteristics of the [fiber length index-handsheet shrinkage]

relationships-produced with- pulp mixtdres-(see Figure 6-1, and refer to

Section 1 of this report for background information).

(a) Figure 6-1 indicates that a Valley beater refining action

produced essentially the same relationship between the fiber length index and

handsheet shrinkage properties of the Weyerhaeuser pulp and the fiber length

index and handsheet shrinkage properties of the Bloedel kraft pulp.

(b) As would be expected, essentially the same relationship

between fiber length index and handsheet shrinkage properties also resulted

when a 50% mixture of the Weyerhaeuser pulp and the Bloedel kraft pulp was

refined by the same Valley beater refining action (see Figure 6-1).

(c) Also, as would be expected, essentially the same relation-

ship between fiber length index and handsheet shrinkage properties also

results when various mixtures are prepared from a Valley beater refined

Weyerhaeuser pulp and a Valley beater refined Bloedel kraft pulp (see

Figure 6-1).
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FIGURE 6-3
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(d) Thus, it may be seen that the same [fiber length index-

handsheet shrinkage] relationship applies when either the Weyerhaeuser pulp

is refined in the Valley beater, the Bloedel kraft pulp is refined in the

Valley beater, mixtures of the Weyerhaeuser and Bloedel pulps are refined

in the Valley beater, or Valley beater refined Weyerhaeuser and Valley beater

refined Bloedel pulps are mixed.

(e) In the present work, both the Weyerhaeuser and the

Bloedel pulps fortuitously produced the same [fiber length index-handsheet

shrinkage] relationship and it should be noted that other combinations of

dissimilar pulps would not necessarily produce the same relationship for

both pulps. From the present work, however, it may be noted that the [fiber

length index-handsheet shrinkage] relationships produced with pulp mixtures

indicate the additive nature of the [fiber length index-handsheet shrinkage]

relationships produced with individual pulps. (It is felt that this additive

nature would also be demonstrated if two dissimilar pulps producing different

[fiber length index-handsheet shrinkage] relationships had been used in the

work.)

(2) Characteristics of the [tensile strength-fiber length index]

relationships produced with pulp mixtures (see Figure 6-2, and refer to

Section 3 of this report for background information).

(a) Figure 6-2 indicates that the [tensile strength-fiber

length index] relationship produced when the Weyerhaeuser pulp is refined

in the Valley beater differs from the [tensile strength-fiber length index]

relationship produced when the Bloedel kraft pulp is refined in the Valley

beater.
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(b) As would be expected, the [tensile strength-fiber

length index] relationship produced when a 50% mixture of Weyerhaeuser and

Bloedel pulps is refined in the Valley beater is midway between the [tensile

strength-fiber length index] relationship produced when the Weyerhaeuser pulp

is refined in the Valley beater and the [tensile strength-fiber length index]

relationship produced when the Bloedel pulp is refined in the Valley beater

(see Figure 6-2).

(c) Also, as would be expected, various mixtures of a Weyer-

haeuser pulp refined in the Valley beater and a Bloedel kraft refined in the

Valley beater produce a straight line [tensile strength-fiber length index]

relationship-extendingf rom a point representing the [tensile strength vs.

fiber length index] properties of the refined Weyerhaeuser pulp to a point

representing the [tensile strength vs. fiber length index] properties of the

refined Bloedel kraft pulp (see Figure 6-2).

(d) In the present work, the [tensile strength-fiber length

index] relationships produced with pulp mixtures indicate the additive

nature of the [tensile strength-fiber length index] relationships produced

with individual pulps.

(e) The additive nature of the [tensile strength-fiber length

index] relationships suggest that fiber length index measurements might ad-

vantageously be employed for such purposes as predicting the tensile strength

properties of pulp mixtures, etc. As an example, the tensile strength

properties of various pulp mixtures could be predicted from fiber length

index measurements and the tensile strength and fiber length index properties

of the two pulp components in the mixture.
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(3) Characteristics of the [tensile strength-handsheet shrinkage]

relationships produced with pulp mixtures (see Figure 6-3, and refer to

Section 4 of this report for background information).

(a) The data presented in Figure 6-3 may be considered in

essentially the same manner as the data previously presented and discussed

in Figure 6-2. Thus, in the present work, the [tensile strength x handsheet

shrinkage] vs. [handsheet shrinkage] relationships produced with pulp mixtures

indicate the additive nature of the [tensile strength x handsheet shrinkage]

vs. [handsheet shrinkage] relationships produced with individual pulps. Also,

the additive nature of these relationships suggests handsheet shrinkage measure-

ments might be advantageously employed-for such purposes as predicting-the - - -

tensile strength properties of pulp mixtures, etc. Such prediction methods

would be essentially similar to those previously discussed when considering

tensile strength and fiber length index relationships.
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SECTION 7

EFFECT OF MECHANICAL REFINING ON THE SCHOPPER-RIEGLER FREENESS

AND HANDSHEET SHRINKAGE PROPERTIES OF PULPS
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SECTION 7

EFFECT OF MECHANICAL REFINING ON THE SCHOPPER-RIEGIER FREENESS
AND HANDSHEET SHRINKAGE PROPERTIES OF PULPS

NATURE OF SCHOPPER-RIEGLER FREENESS AND HANDSHEET
SHRINKAGE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The changes which Schopper-Riegler freeness and handsheet shrinkage

properties undergo as a result of mechanical refining have been presented

in Figures 7-1 through 7-3. These figures indicate that:

(1) When a pulp is subjected to a mechanical refining action, the

handsheet shrinkage properties of a pulp progressively increase and the

Schopper-Riegler freeness properties of the pulp progressively decrease (see

Figures 7-1 through 7-3).

(2) When the [log (handsheet shrinkage/Schopper-Riegler freeness)]

properties of a pulp are plotted against the handsheet shrinkage properties

of-the pulp, a straight line relationship results. Also, this straight line

relationship -varies, depending upon the nature of the pulp.and the nature of

- the refining-action (see Figure 7-1). ''

(3) In the present work, the [log (handsheet shrinkage/Schopper-

Riegler freeness)] vs. [handsheet shrinkage] relationships produced with pulp

mixtures indicate the additive nature of the [log (handsheet shrinkage/Schopper-

Riegler freeness)] vs. [handsheet shrinkage] relationships produced with

individual pulps (see Figure 7-2 which is similar in nature to the figures

previously presented and discussed in Section 6 of this report).

(4) The straight line relationship produced when [log (handsheet

shrinkage/Schopper-Riegler freeness)] properties are plotted against handsheet
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shrinkage properties does not exist over the entire refining cycle, but

generally applies only to refining levels above a pulp freeness of about

300-400 ml. Schopper-Riegler (see Figure 7-3).

EXPERIMENTAL DETERMINATION OF SCIOPPER-RIEGLER FREENESS AND
HANDSHEET SHRINKAGE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The straight line nature of the relationships presented in

Figures 7-1 through 7-3 indicate the ease with which Schopper-Riegler

freeness and handsheet shrinkage relationships could be established for

a given pulp and a given refining action--i.e., only two experimental points,

in the suitable refining range, would be required.

MATHEMATICAL EXPRESSION OF THE SCHOPPER-RIEGLER FREENESS AND HANDSHEET
SHRINKAGE RELATIONSHIP PRODUCED BY MECHANICAL REFINING

From the curves in Figure 7-1, it may be seen that a mathematical

expression for the Schopper-Riegler freeness - handsheet shrinkage relation-

ships produced by mechanical refining would be:

(SRF) = sx -I
x anti log [A(SX-S 0 ) + log 50 ]

(SRF)0

where:
A = the slope of the curve (straight line)

S = the handsheet shrinkage of the unrefined pulp

S = the handsheet shrinkage of the pulp after any given
Cx refining time of x minutes

(SRF)o = the Schopper-Riegler freeness of the unrefined pulp

(SRF)x = the Schopper-Riegler freeness of the pulp after any
given refining time of x minutes.
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For the specific case of the Valley beater refined Bloedel kraft

pulp in Figure 7-1:

*Am in the above expression would be a constant equivalent to the

slope of the curve, or 0.177;

"S " would be a constant equivalent to the handsheet shrinkage of

the unrefined pulp, or 2.02;

"SRF 0 " would be a constant equivalent to the Schopper-Riegler free-

ness of the unrefined pulp, or 865.

Thus, the expression would become:

(SRF) (ml.)'= .- x - - - ---- ...
anti log [0.177 (Sx - 2.02) + 0.369]

From this expression, it would be possible to calculate Schopper-

Riegler freeness properties which correspond to the handsheet shrinkage values

experimentally determined at various levels of refining. Such calculations

were performed and are summarized below:

Refining Calculated Experimentally Determined
Time, Schopper-Riegler Schopper-Riegler
min. Freeness, ml. Freeness, ml.

0 865 865
20 857 830
50 561 590
70 278 270

SIGNIFICANCE AND UTILITY OF SCHOPPER-RIEGLER FREENESS AND
HANDSHEET SHRINKAGE RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The ease with which both the Schopper-Riegler freeness and the

handsheet shrinkage properties of a pulp may be determined reduces the desir-

ability of utilizing Schopper-Riegler freeness and handsheet shrinkage
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relationships for predicting either the freeness or handsheet shrinkage

properties of a pulp. The relationships presented in this section of the

report, however, might find certain limited application in characterizing a

refining action and/or controlling a given refining process.
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SECTION 8

EFFECT OF MECHANICAL REFINING ON THE TENSILE STRENGTH, SCHOPPER-

RIEGLER FREENESS. AND HANDSHEET SHRINKAGE PROPERTIES OF PULPS
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SECTION 8

EFFECT OF MECHANICAL REFINING ON THE TENSILE STRENGTH, SCHOPPER-
RIEGLER FREENESS, AND HANDSHEET SHRINKAGE PROPERTIES OF PULPS

NATURE OF TENSILE STRENGTH, HANDSHEET SHRINKAGE, AND
SCHOPPER-RIEGLER FREENESS RELATIONSHIPS PRODUCED BY
MECHANICAL REFINING (BASED ON PREVIOUS PROJECT 1513 WORK)

In previous Project 1513 work (see Project 1513, Project Report 24),

the changes which tensile strength, handsheet shrinkage, and Schopper-Riegler

freeness properties undergo as a result of mechanical refining were investi-

gated. Briefly, these investigations, undertaken in the moderate refining

-- range, indicated the following:

(1) When a given pulp is refined by a variety'of refining actions,

a single straight line relationship appears to result when the [tensile strength

x handsheet shrinkage] properties of the refined pulps are plotted against the

[log (handsheet shrinkage/Schopper-Riegler freeness)] properties of the pulps

(see the solid line portion of the curve in Figure 8-1).

-(2). On the basis of the above straight line relationship, the

' tensile strength properties of the Weyerhaeuser standard pulp, refined by a

variety of refining actions, may be predicted from the following expression:

Tensile strength (lb./in./100 lb.) 494 [log (S x 103) 176
s

where:

S = handsheet shrinkage, %

F = Schopper-Riegler freeness, ml.
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FIGURE 7-3
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NATURE OF TENSILE STRENGTH, HANDSHEET SHRINKAGE, AND SCHOPPER-RIEGLER
FREENESS RELATIONSHIPS PRODUCED BY MECHANICAL REFINING (BASED ON
PRESENT WORK)

Previous Project 1513 work was limited to investigations in the

moderate refining range. In the present work, however, these investigations

were extended to include studies in both the extremely high and the extremely

low refining range. On the basis of these studies, it appeared that:

(1) In the moderate refining range, the specific [tensile strength

x handsheet shrinkage] vs. [log (handsheet shrinkage/Schopper-Riegler freeness)]

relationship previously determined for the Weyerhaeuser standard pulp (Project

1513) also applied in present investigations (see the solid line portion of

the curve in Figure 8-1).

(2) In the moderate refining range, a straight line [tensile strength

x handsheet shrinkage] vs. [log (handsheet shrinkage/Schopper-Riegler freeness)]

relationship resulted for the Bloedel kraft pulp. This relationship, however,

was different than the one determined for the Weyerhaeuser standard pulp and

apparently the relationship is influenced by the nature of the pulp (see

Figure 8-2).

(3) Figure 8-1 indicates that the [tensile strength x handsheet

shrinkage] vs. [log (handsheet shrinkage/Schopper-Riegler freeness')] straight

line relationship deviates considerably when the refining cycle of the Weyer-

haeuser standard pulp is extended beyond the moderate refining range. This

failure of the relationship to be a straight line over the complete refining

cycle may be attributed to the nature of the Schopper-Riegler freeness

measurements--i.e., down to moderate freeness levels, the [log (handsheet

shrinkage/Schopper-Riegler freeness)] properties of a pulp are directly

proportional to the handsheet shrinkage properties of the pulp (see Section
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FIGURE 8-1

EFFECT OF VARIOUS REFINING ACTIONS ON THE TENSILE STRENGTH, HANDSHEET SHRINKAGE,

AND SCHOPPER-RIEGLER FREENESS PROPERI ES IF WEYERHAEUSER STANDARD PULP
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* Jokro Mill -- Weyerhaeuser Standard Pulp (Run H, Table II)
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a Morden Stock-Maker--Weyerhaeuser Standard Pulp (Table V)
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FIGURE 8-2

EFFECT OF VALLEY BEATER AND JOKRO MILL REFINING ACTIONS ON THE TENSILE STRENGTH.
HANDSHEET SHRINKAGE, AND SCHOPPER-RIEGLER FREENESS PROPERTIES OF BLOEDEL KRAFT PULP
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7 of this report). Beyond the moderate freeness level, however, this straight

line relationship (see Figure 7-3, Section 7 of this report) no longer holds,

because in the low freeness range, the freeness properties of the pulp change

only slightly with increased refining. Thus, in the lower freeness range, the

freeness values do not decrease rapidly enough with mechanical refining to

maintain the same [tensile strength x handsheet shrinkage] vs. [log (handsheet

shrinkage/Schopper-Riegler freeness)] relationship experienced at the more

moderate levels of refining.

(4) From the previous discussion it may be seen that the

"tensile strength = 494 [log (F x 103)] 176 expression derived for the
$ S

Weyerhaeuser-standard pulp-in the-moderate refining- range would-not-be-expected

to accurately predict tensile strength properties in the lower freeness range.

(This limitation of the prediction method has been represented in Figure 8-3

where both experimentally determined and predicted values of tensile strength

have been presented for comparison purposes.)

(5) Figure 8-3 indicates that the utility of the tensile strength

prediction method would be quite limited in the relatively high and the relative-

ly low freeness range.

UTILITY OF TENSILE STRENGTH x HANDSHEET SHRINKAGE VS. LOG OF
[HANDSHEET SHRINKAGE/FREENESS] RELATIONSHIPS PRODUCED BY MECHANICAL REFINING

The nature of the [tensile strength x handsheet shrinkage] vs. [log

(handsheet shrinkage/Schopper-Riegler freeness)] relationship suggests that it

would have certain, although limited, utility for control or pulp evaluation

purposes.
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SECTION 9

EFFECT OF MECHANICAL REFINING ON THE TEARING STRENGTH,

FIBER LENGTH INDEX, AND HANDSHEET SHRINKAGE

PROPERTIES OF PULPS
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SECTION 9

EFFECT OF MECHANICAL REFINING ON THE TEARING STRENGTH, FIBER
LENGTH INDEX, AND HANDSHEET SHRINKAGE PROPERTIES OF PULPS

In previous Project 1513 work (see Project 1513, Project Report 24),

it was found that when Weyerhaeuser Standard pulp was refined by a variety of

refining actions, a single straight line relationship appeared to exist when the

tearing strength properties of the refined pulps were plotted against the

[fiber length index/handsheet shrinkage] properties of the pulps (see Figure

9-12. The present work, however, indicated that a single straight line re-

lationship does not necessarily always result when the tearing strength, fiber

length" index, ahd handsh6et-shrinkage-properties-df refined Weyerhaeuser pulps-

are plotted in this manner. Consequently, the utility of such relationships

appear somewhat limited and the noted relationships are apparently quite general

and more of a qualitative rather than a strictly quantitative nature.
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SUMMARY AND CONCLUSIONS

The varied aspects of the experimental data makes it rather difficult

to completely summarize all of the conclusions which may be obtained from the

experimental work. Consequently, reference should be made to the "Experimental

Results and Conclusions" section of this report for a complete understanding of

all of the ramifications of the project. It appears, however, that a number of

the more noteworthy conclusions from the work could be briefly summarized as

follows:

I. The determination of both the handsheet shrinkage and the fiber

length index properties of pulps requires very little equipment, time, or

skill. Thus, these measurements would be well suited for control purposes and

rapid techniques of pulp evaluation.

II. The handsheet shrinkage and the fiber length index properties of

pulps, both by themselves and in conjunction with other pulp properties, could

prove useful for evaluating pulps, characterizing mechanical refining actions,

and controlling mechanical refining processes.

III. A number of experimental relationships were found which might

prove useful in mechanical refining and pulp evaluation investigations. Certain

of these relationships, their characteristics, and their utility may be briefly

summarized as follows:

(1) Handsheet shrinkage and fiber length index relationships

produced by mechanical refining (see Section 1 under "Experimental Results

and Conclusions").

(a) When a pulp is subjected to a mechanical refining

action, a plot of the [log (handsheet shrinkage/fiber length index)] vs.

[log (handsheet shrinkage)] properties of the pulp results in a straight line

relationship.
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(b) Since the relationship is a straight line, it can be

established with a minimum of experimental points.

(c) The relationship exists over the complete refining

cycle and varies with the type of refining action and the nature of the pulp

refined.

(d) This type of relationship could find application

for characterizing a mechanical refining action, controlling a refining process,

evaluating, pulps, and reducing the experimental data required to define the re-

fining characteristics of a pulp (refer to "Experimental Results and Conclusions').

(2) Filtration resistance and handsheet shrinkage relationships

- produced by- mechanical-refining-(see-Section 2,-under "Experimental Results-and-

Conclusions').

(a) When a pulp is subjected to a mechanical refining action,

a plot of the [log (filtration resistance)] vs. [handsheet shrinkage] properties

of the pulp results in a straight line relationship.

(b) Since the relationship is a straight line, it can be

established with a minimum of experimental points.

(c) The relationship varies with the nature of the pulp

refined.

(d) Further work, with a variety of refining actions, is

required to more completely establish the characteristics of this type of

relationship (see 'Experimental Results and Conclusions"). It would appear,

however, that this type of relationship could find application for character-

izing a mechanical refining action, controlling a refining process, evaluating

pulps, and reducing the experimental data required to define the refining

characteristics of a pulp.
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(3) Tensile strength and fiber length index relationships

produced by mechanical refining (see Section 3 under "Experimental Results

and Conclusions').

(a) When a pulp is subjected to a mechanical refining

action, a plot of the [tensile strength] vs. [fiber length index] properties

of the pulp results in a straight line relationship.

(b) Since the relationship is a straight line, it can

be established with a minimum of experimental points.

(c) The relationship varies with the type of refining

action and the nature of the pulp refined.

...- ----- .-- (d) - The straight line-relationship exists only-until the - -

maximum attainable tensile strength of the pulp is approached.

(e) This type of relationship could find application

for characterizing a mechanical refining action, controlling a refining process,

evaluating pulps, and reducing the experimental data required to define the

refining characteristics of a pulp (refer to "Experimental Results and Con-

clusions").

(4) Tensile strength and handsheet shrinkage relationships

produced by mechanical refining (see Section 4 under 'Experimental Results

and Conclusions").

(a) When a pulp is subjected to a mechanical refining

action, a plot of the [tensile strength x handsheet shrinkage] vs. [handsheet

shrinkage] properties of the pulp results in a straight line relationship.

(b) Since the relationship is a straight line, it can

be established with a minimum of experimental points.

(c) The relationship varies with the type of refining
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action and the nature of the pulp refined.

(d) The straight line relationship exists only until the

maximum attainable tensile strength of the pulp is approached.

(e) This type of relationship could find application for

controlling a refining process, evaluating pulps, and reducing the experi-

mental data required to define the refining characteristics of a pulp (refer

to "Experimental Results and Conclusions").

(5) Tensile strength and filtration resistance relationships

produced by mechanical refining (see Section 5 under "Experimental Results

and Conclusions*).

.._..._._..._.. _ (a) When a pulp is subjected to a mechanical refining action,

a plot of the [tensile strength x log (filtration resistance)] vs. [log

(filtration resistance)] properties of the pulp result in a straight line

relationship.

(b) Since the relationship is a straight line, it can be

established with a minimum of experimental points.

(c) The relationship varies with the nature of the pulp

refined.

(d) The straight line relationship exists only until the maxi-

mum attainable tensile strength of the pulp is approached.

(e) Further work, with a variety of refining actions, is,

required to more completely establish the characteristics of this type of

relationship (see "Experimental Results and Conclusions"). It would appear,

however, that this type of relationship could find application for controlling

a refining process, evaluating pulps, and reducing the experimental data re-

quired to define the refining characteristics of a pulp.
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IV. The experimental handsheet shrinkage, fiber length index, and

strength relationships discussed in (III) above appeared to be of an additive

nature--i.e., relationships for pulp mixtures appeared to follow patterns

which could be predicted from the relationships of the individual pulp com-

ponents in the mixtures (see Section 6 under "Experimental Results and Con-

clusions"). Thus, it would appear that the above relationships would have

unique application in situations where the refining and evaluation of pulp

mixtures are concerned. (It would appear that relationships involving

handsheet shrinkage, filtration resistance, and strength properties would also

be of an additive nature, but further work with filtration resistance measure-

ments would have to be performed to definitely establish this contention.). --

,

1


