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ABSTRACT

Many studies have been performed with the purpose of
determining the effects of fines on paper properties. However,
many of these studies fail to develop characterizations of the:
fines themselves before relating the presence of these-fihes to
sheet properties. This study first developed complete
characterizations of fines and then related the properties of the
fines to properties of paper containing'these fines.

Bleached kraft, ﬁnbléached kraft, and TMP’pulps from a
southern pine were used in this project. Characterization of the
fines included determination of physical features of the fines,
size diétribution, water retention value (WRV), drainability, and
compressibility. Fines were then replaced in their respective
pulp sources in levels from 0% to 30%. Handsheets were made and
tested to determine various strength and optical properties.

) Results showed the bleached fines to be fibrillar,b'

- compressible, and hydrophilic. Presence of these fines promoted
burst and tensile strength, whiie tear, opacity, and brightness
suffered. Unbleached fines were a mix of flake-like and
fibrillar material. These fiﬁes also promoted tensilé and burst,
while tear strength suffered. The TMP fines were comprised of
chunky and flake-like material, and exhibited poor water holding
and compressibility characteristics. Presence of these fines in
a sheet promoted tensile and tear indexes, but decreased the

scattering coefficient of the sheet.
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INTRODUCTION
The role of fines in a sheet of papef andrmaximizing their
potential to improve sheet quality is becoming more important in
light of increasing demands on sheet quality and'ever—increasing
pulp priCes.‘ Most studies in this area, however, fail to develop

indepth characterization of the fines themselves before

evaluating the effects of the presence of the fines in the sheet
of paper. Therefore, the purpose of this thesis is to perform
detailed characterizations of fines and relate these

characteristics to sheet properties.

THEORETICAL AND ﬁACKGROUND

EFFECTS OF FINES ON SHEET PROPERTIES

| Many studies have been performed to try to determineAthe
effects of fines on sheet properties. The résuifs regarding this‘
seem rather mixed. Comparing results froh these studies is
complicated by the fact that in each'individuél case, thére were
may variables to consider. These include wood species;'pulping
method, whether or not the pulp has been réfined, and the
definition of fines size.

In a study of fiber and fines fractions in spruce TMP;
Corson (1) found fines material (-200 mesh) to make an important
contributioh to the consolidation of the sheet. Increasiné the
fines content in the sheet resulted in increaées in wet web

tensile index and elongation, dry sheet density, tensile index;




elongation,-and scattering coefficient. ’A decrease in tear value
was seen. When the long fibers in the furnish were well refined,.
Corson found_thatrlower proportions of fines were needed to reach
the maximum strength values. At very high leVéls of»finés
addition, loss of dry tensile, elongation and tear index were“
seen. Corson noted that the only_justification for adding the
extra fines to reach this level of’fines‘in the pulp would be to
increase scattering coefficient and air flow resistance of the
sheeﬁ. This will, however, come at the éxpense of sheet strength
losses. | |
Mohlin (2) found similar results in a study of fines (-200
mesh) from two different thermomechanical pulps. Increasing
levels of fines\in the sheets resulted in increased tensile
strength, initial wet-web strength, and Scott Bond strength.
’Tear index showed variable results.. Mohlin Went on to say that
the size of the fines fraction was>the dominant factor
determining the properties of the sheet and not the properties‘qf
the fines themselves. This is a rather questionable statement;
in light of thé fact that the fines were only characterized by
size, leaving questions regarding the properties of the fines
themselves that Mohlin referred to. An important point was
raised in this study regarding the formation processvfor
handsheets for testing. Mohlin felt that.in order to,maintain.
just comparisons of properties between pulps, the white waterv.
should be recycled during formation to ensure comparable

retention of fines in each sheet.




Ih a study of PGW, TMP, and SGW’ pulps of Norway spruce,
Lindholm (3) found that the presence of fines (-200 mesh) in
increésing levels in a sheet resultedbin increases in density,
Scott Bond strength, and tensile index. These gains came at the
expense of drainability of the pulp. Tear index showed increases
at low fines levels,‘followed by decreases at fines levels
exceeding some point in the sheet. These results were-true for
all three pulp types. Light scattering waé highest for the least
réfined fines, with scattering coefficients decreasingbwith
decreasing freeness levels. Lindholm went on to remark that the
light scattering coefficient of isolated fines fractionsydoe$ not
directly predict the performancg of these fines in a sheet, as
other variables enter into consideration. He calculated an
effective light scattering coefficient using the following
equation for 25% fines in a.sheet:

s = 0.75 x Sc+tm + 0.25 x S1/f, where:

s = light scattering coeff. of whoie‘pUlp
 Sc+m = light scattering coeff. of sheets of
50% coarse fraction, 50% middle fraction
S1/f = effective light scattering coeff. of

fines fractioniat 25% fines
Again, it should be noted that the characterizétion of the
fines involved in this study was based-on size of the fines
alone. fhus, other characteristics of the fines that may have an

impact on sheet properties were not considered.



Miller, Peterson, and Shankar (4) studied the effects of
fines (-200 mesh) of CTMP of mixed density hardwoods treated with
7% NaOH. From tests of handsheets made from each pulpwfraction,
they‘found'that sheet density and tensile strength increased as'
the fibers became finer. The sheets made from whole pulp were
found to be the strongest. This clearly indicates that the fines
were contributingbto sheet strength. Sheets made with-no fines
were compared to sheets made of whole pulp, again showing higher
strength for the sheets with fines present.

Iwamida, Sumi, and Nakano (5) worked to characterize fines
and identify their role in developing paper properties for Abies‘
sachalinensis and Betula platyphylla on the basis of their water
retention values.- Primary fines (=150 mesh) and secondary fines
(=200 mesh) were treated individually. They chose neutral
sulfite, bisulfite, and acid sulfite pulps for their study; They
found that the WRVs for the fines fractions were much greater
than for the fiber fractions. Through SEM analysis, they found
the secondaryvfines to be very film-like, adhering Wellpto the
fiber surfaces. This was attributed to the high degree of
swelling of the fines. This visual quality was in agreement>with
increasing tensile strength with higher WRV. The éecondary.fines
were found to yield a stronger sheet than the primary fines. The
light scattering coefficient of paper made containing fines was
also related to the WRV. With the‘improved bonding that comes

with higher'WRV for fines, there were fewer fines available



for lith‘scattering, resulting in a drop in this value. It was
also seen that a decreasing pulp yield resulted in loﬁer'light
scattering coefficients. This correlated with the increasing WRV
as yield dropped. Primary fines were found'ﬁo give'mofe light
scattering,kas they were not as active in bonding as secondary
fines. »

Richardson (6) studied the effects of NSSC hardwobd pulp
“ultra-fines" on the strength properties of paper. Fines passing
ﬁhrough a 200-mesh Bauer-McNett classifier screen were further
fractionated into five classes: fines larger than 100 microns,
those between 85 and 100 microns, 60 to 85 microns,.zo to 60
microns, and those smaller than 20 microns. Fines from each of’
these fractions were then added to the original; unclassified
pulp at a ratio of 5% and 95% fines and whole pulp, respectiveiy.
Results showed fines of smaller size reéulted in a stronger sheet
(burst and tensile). At the samé time, however, dréinage time
increased considerably. Richardson felt that the strength
improvement may be sufficient to justify the loss in
drainability, with the possible exception of the fines fraction
smaller than 20 microns.

Giertz (7) found that removihg the fines from refined
bleached spruce sulfite and bléached birch sulfate pulps reSu;ted
in lower sheet densities than seen with whole pulp sheets. The
higher density for whole pulp sheets tehded to correspond to

better bonding in the sheet. This was also in agreement with




higher.tensile stiffness, tensile strength, and rupture
elongation seen in the whole-pulp sheets. Light scattering was
found to be lower, also in agreement with the improved'bonding.
Giertz attributed the increased bonding'to'stronger Campbell's
forces. He found fibrillated fibrilé and fines to contain extra-
large amounts of bound water in the swollen hemicelluloses at
their surface. Valueskof bound water were determined by
centrifugation and solute exclusion. In a wet wéb, these
fibril/water and fines/water groups will form strong wet bonding
between fibers. During drying, this sYstem will shriﬁk as a
glutinous gel, puliing the fibers together, thus forming the
fiber-fiber bonds in the dry sheet. Increased amounts of fines.
will enhance this process, thus-resulting in a stronger sheet.
Hawes and Doshi (8) found that when unbleached kraft or
recycled pulp fines (-200 mesh), whether primary or secondary,
were added to an unrefined recycled kraft pulp,‘significant
increases in sheet density, tensile strength,»burst étrehgth,
tear index, and fold resulted. These fines wére found to'have no
significant effect on the scattering coefficient of the sheet of
paper. Since the scattering coefficient can giye some indication
of the degree of bonding in the sheet, it is clear that thesé
fines are engaged in bonding, making them unavailable for light
scattering. When TMP fines weré used, scattering coefficients
went up aramatically. This was in agreement with the fact that

the TMP fines did not improve sheet strength. The addition of




fines to the recycled pulp led to decreases in the air
.permeability of the sheet. 1In analyzing the compressibiiity of
the fines, it was found that the secondary recYcled‘and kraft
fines were much more compressible than TMP fines. As these fiﬁes
were more compreésible, there was a greater opportunity for |
intimate fiber contact, thus improving bonding, as was seen in
the strength tests. Through chemical analYSis,Ait was found_thét
the secondary fines of the TMP had a higher hemicellulose level
than the primary fines, while the hemicellulose level for
chemical pulp fines was higher for the primary fines. In regard
to the secondary TMP fines, the higher hemicellulose level would
be expected to improve bonding, according to Giertz (21). For
this reason, Hawes and Doshi questioned Giertz's data.

Stolarz (9) studied fines (-325 mesh) in a recycled,'printed
colored ledger stock. In comparing handsheets of whole
pulp (unfractionated) to those of é fiﬁes-free pulp, he found
that the whole pulp sheets yielded significantly higher density,
tensile strength, and drainage time for fofmation. Tear strength
and porosity were higher for the fines-free éheets. It may be
questionable whether these results may be compared to other
studies, in light of the facts that fines were only characterized
by size, and that no deliberate contaminant removal took place
during the repulping process. The potential presence of
contaminant particles (i.e. ink) may hold unseen impact on the

results of this study.



METHODS OF FINES CHARACTERIZATION

The most common basis upon which fines are characterized is
size. Fractionation of pulp into its respective fractions using
a Bauer-McNett classifier or Clark classifier is the most common
method of isolating fines by size difference. There has been -
some indication that the Clark classifier is -a faster unit, with
better repeatability properties (10). The screen sizerthrOugh‘
which any pulp that passes being called fines varies. Tappi
Provisional Method T261 pm-80 designates this screen size as a
200-mesh (76-micron) screen (11). Some researchers have used
150-mesh or 325-mesh screens as well.

Another method for characterizing fines is the centrifugal
determination of water retention value (WRV). This test has
become widely used since its introduction by Jayme (12). With
~this tesf, the affinity of a pulp towards water is determined by
centrifuging a sample under standardized conditions. Once the
sample has been centrifuged, it is weighed, dried, and reweighed
so that WRV expresses the ameunt of water retained by thevpulp_
calculated as a percent of dry pulp. The following is the
equation used to determine WRV:

WRV % = 100 x ((wet weight - o.d. weight)/o.d. weight)

The apparatus used to determine WRV is simply a standard
laboratory centrifuge using a modified cup. The cup is equipped
with a screen inside so that the water can by separated from the.

fines sample (13). This set-up can be seen in Appendix I.




Varioue centrifugal forces ranging from 800 to 3000 times the
force of gravity have been used. It has been seen that the
higher forcee produce more reproduoible results (12). This force
is a function of both the rotationai‘speed ahd the rotational
radius of the centrifuge. Centrifugal forcekis determined by the'

following equation (13):

Fc = 0.0000284 RN"2, where Fc = centrifugal force, g's
R = radius of rotation, in.
N = rotation speed, rpm

Thode et al. (13) stated that the centrifugal force used ie
critical, as too low of a value’will fail to overcome the forces
of capillary pressure in the interfiber voids and will result in
WRV that is higher than the solely intrafiber water responsible
for swollen volume. Conversely, toobhigh of a value for Fc will
result in fiber distortion and the loss of intrafiber water, ”
showing a falselyvlow value for water retention value. It is
generally agreed upon that fines have a Qreater WRV than‘other
fractions of a pulp, as a result of the high degree of swelling
of fines. According to Thode and Ingmanson (14), the external
specific surface of the pulp will increase with swelling.v
Swelling enables the fines to becoﬁe mofe flexible and
conformable in a sheet, a condition conducive to improved
bonding. Jayme found a straight line relationship between WRV

and breaking length developed during refining of e pulp (12).




Compression filtration resistance of a fines mat may also be
useful in characterizing fines. Usihg a pressure cell with:a
fines cake formed at the bottom, Hawes and Doshi (8) were.able to
measure filtration‘velocity through the mat at a constant
pressure. Specific filtration resistance was related to the

filtrate velocity by:

U = A dP/uWR, where U filtration velocity, cm/s
| ‘A = area of fin’es‘pad,:cm2
dP = pressure drop across pad, g/cm-s2
u = filtrate viscosity, g/cm-s
W = mass of fines, g
R = filtrationvresisfance, cm/g
The variation of filtration.resistance with P is an indirect

measure of compressibility of the fines. This is shown as

R = adP"b, where a

filtration resistance of
uncompressed fines mat
b = compressibility constant

A higher valuerf b indicates a higher compressibiliﬁy of
the fihes. The compressibility of the fines is an‘important :
- factor regarding their participation inlbénding. Ingmanson and
Andrews (15) found that the level of filtration reéistance of a
whole pulp was largély deﬁermined by the amount of fines present,
mainly due to the high surface area of the fines as compared to

the remainder of the pulp.
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Scanning electron microscopy has also been widely used to
gain visual interpretations of the qualities ef fines material.
This method yields information regarding size, shape, and surface
properties of the fines material.

Analysis of the chemical composition of the fines is also
useful in the characterization of fines. ‘Hawes and Doshi (8) use
percent lignin and percent carbohydrates determination”from
Effland (16) and Tappi Method T249 pm-75, respectively.

Other potential methods of characterizing fines include
settling rate in water, light scattering ability, or image
analysis. Image analysis can yield both siie_distributions of
the fines fraction and shape factors for the fines themselves.

Origin of fines is also used to help identify the properties
of fines matter. This deals with the terns primary and secondary
fines. Primary fines are those that-are present in unrefined |
pulp. vThese fines consist of parenchyma cells, vessel segnents,k
film-like fragments derived from the middle lamella or outer cell
wall layer, and amorphous particles of mineral origin (17) (18).
It is generally agreed upon that primary fines are not conducive
to good fiber bonding in a sheet. Upon SEM analysis, Hawes and
Doshi (8) found primary fines from unbleached kraft, TMP, and
recycledikraft pulps to be largely made up of flake-like, chunky
particles. By virtue of their relatively low specific surface |
area, it can be seen that these fines would not lead to good i

bonding potential. They also found these fines to be much less

11




compressible than their secondary counterparts, inhibiting their

ability to conform in a sheet of paper. Secondary fines are

those fines that are produced duringvrefining operations. As
summarized by Mancebo et al. (19), these fines are mainly
fibrillar in nature, resulting from the partial removal of thé‘
primary and secondary walls of the<fibers. Hawes and boshi (8)
observed this fibrillar nature in their study of fines. Many.
have‘found‘that the greater speéific surface of the fibrillar,
sécondary fines is the reason for their better bonding ability

(20) (21) .

12



PREBENTATION Of PROBLﬁM

The problem that has become evident in most of the cited
literature is the lack of thorough characterization of fihes,
with subsequent conclusions drawn about the nature of these fines
based on the limited characterizations; For the most part, size
was the standard method of characterizafion of fines material.
This essentially leaves mahy fines charagtéristics thaf may have
considerable impact on sheet properties unaddressed.

The objective of this project was to characterize fines by
more than just size. Of interest were water retention values,
compression filtration resistance values, size distributions and
shape factors of the fines fraction} and light scattering ability
of the fines. 1In characterizing fines in theSe’ways, a more
compiete picfure of the fines effects on sheet properties can be

drawn.

13




EXPERIMENTAL
EXPERIMENTAL DESIGN ‘
| The experimental procedure in this project ¢onsisted of pulp
selection and preparation, fines fraction isolation( handsheet
production and tésting, and fines Characterizations. |

In choosing a wodd source, softwood was selected bécause it
has a greater ability than a short-fiber hardwood to deQelop.
strength properties. There was also a greater size difference
bétween the fines fraction and the longer fiber fractions of the
pulp. Southern yellow pine wés selected as a fiber source as a
result of the ability to get both wood chips and pulps made from
these chips from the same supplier. | | » | |

The pulps studied in this project were TMP, unbleached
kraft, and bleached kraft; These three very different types of
pulp were selected on the basis of their ability to show
profoundly different fines characteristics.

Once the fines had been isolated from the other fiber
fractions of a giQen pulp, they were evaluated for the follbwing
properties: size, water retention value, cbmpression filtration
resistance, size distribution, light scattering ability, and
'drainability. These properties, when consideréd together, géve a
clear characterization of the fines which was related to their

performance in a sheet of paper.

14




Handsheets were made containing various levels of fines and
tested for the following sheet properties: ‘density, opécity,
brightness, scattering coefficient, tensile index, tear index,
and burst index. These tests showed the effects that the finés

have on the sheet properties.

EXPERIMENTAL PROCEDURE
Pulp Preparation

For preparation of the TMP, yellow pine chips at 52%
moisture were pulped in the WMU Sunds Defibrator, with a through-
put of 127 1lb/hr of dry pulp. The pulp was then refined in the
Claflin conical refiner at 3.2% consistency to a final freeness
of 165 ml CSF.

In preparing the unbleached and bleached kraft pulps, pulp
was obtained from the same source as the wood chips. ‘These wére
commercial pﬁlps furnished by Union Camp Corporation in Ffanklin,;
Virginia. Each of the pulps was refined in a Claflin refiner to
530 ml CSF and 280 ml CSF for the unbleached and bleached pulps,
respectively. Refining consistencies were 3.2% and 2;8%,

- respectively.

Fines Isolation
Following refining, the TMP, unbleached kraft, and bleaChed
kraft were diluted to 0.75, 0.65, and 0.625% consistency,

respectively. Fines were removed from each of the pulps using

15




)

the WMU Float-Wash unit equipped with an 80 micron screen.' A
diagram and outline of operation can be seen in Appendix Ii,
Flow rate to the unit for each pulp was approximately 100 gpm,
with 25 inches of water vacuum on the acéept‘side of the Float-
Wash unit. The fines-free pulp rejected in the Float-Wash was
saved for handsheet preparation. The fines were collected in a
1200-gallon chest and allowed to settle for 24 hours. HWater was
then pumped from the surface of the fines suspehsion. Thé
remaining fines were then filtered through a muslin cloth bag to
obtain a manageable volume of fines. This final consistency

ranged from 2% to 6.5%.

Characterization of Fines |

Fines were photographed in order to gain both qualitati#e
and quantitative information about the nature and size of the
fines material. Fines at 0.5% consistency were dyed with direct
black dyé in order to increase contrast for photography. The
fines were heated to approximately 140 degrees F., with 10%
addition by weight of pulp of NaCl to aid in fiking the dye tb
the fines. The fines were then diluted to 0.1% consisteﬁcy and
placed on a microscopic slide with a cover'glaés. |
Photographs were taken of the wet fines using a Nikon microséope
and camera apparatus (courtesy of James Rivér Corporation,
Kalamazoo, Michigan). Pictures were taken at 40X, 100X, and 200X |
magnification levels. These pictures were then viewed to

determine the general physical nature of the fines.
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Size distributions for the fines component of each pulp were
determined using the Kajaani FS-100 Fibef Analyzer. Fines
sampleé were prepared at 0.001% consistency, with over 5000
particles counted for each type of fines. |

Centrifugal water retention values were determined using a
laboratory centrifuge with specially'designed cups{ These cups
can be seen in Appendix I. Fines in water suspension ét 0.43%
consistency were poured into the cups and allowed to gravity-
drain for 1-1/2 hours. Samples for each pulp type were then
centrifuged in quadruplicate for 30 minutes at a centrifugal
force of 900 times the force of gravity. ‘The pads were then
weighed, dried at 105 degrees C. for 24 hours and reweiéhed.

Tests to determine the drainability of the fines were
perfbrmed in the British Sheet Mold. Oné oven-dry gram of fines
at 0.014% consistency (6950 ml water) was drained onto the 200-
mesh sheet mold screen. The time fpr all df the free water to
drain from the fines was measured using a stopwatch.v Ten |
determinations were made for each pulp type.'

Compressibility of the fines was determihed using the
apparatus illustrated in Appendix III. Fines at 0;061%
consistency were poured into micropore a filtef assembly using a
' 9.079 cm?. suction area. Vacuum was drawn throughvthe‘filter
using a vacuum pump. The fines suspension was initially :
dewatered at a vacuum level of 10 inchés Hg. Distilled,watef was

then poured into the funnel and drained at vacuum

17




levels of 10, 15, 20, 25, and 28 inches Hg. The time to drain 50

ml of water through the pad at each vacuum level was recorded.

Handsheet Production

Handsheets were initially made on the Noble and Wood
Handsheet machine. However, the TMP sheets could not be easily
removed from the 150-mesh screen without damage to theishéets.
For this reason, all sheets were made on the British sheet mbld,
fbllowing Tappi Standard T205 om-81 (23).> Sheets were made at
the following fines levels: 0, 7, 15, 22, and 30% fines. Target
grammage of the sheets was 58 g/m?. Distilled water was used tol
form all handsheets to avoid coloration problems asSociatéd with
iron present in the tap water. A 200?mesh screén was used for
forming the sheets. Any fines that may have escaped-through'the
wire were considered negligible, és the sheets formed quickly
after the start of the drainage. The sheets ﬁere couched off the
wire using a single sheet of wetted blotter paper, pressed, and
then dried on the Noble and Wood dryer;_ The éheets were then
placed in the standard conditioniné room (73 degrees F., 50%

relative humidity) until testing.

Physical Testing of Handsheets
The handsheets were first tested to determine opacity and
brightness, using Tappi Standards T425 om-86 and T452 om-87,

respectively (24) (25). Ten tests were taken on ten different

18




sheets for each of these properties. Scattering coefficients fbr
sheets at each fines level were determined ﬁsing equations found
in T425 om-86. |
Tensile index, tear index, and burst ihdex'were,detérmined 
using Tappi Standards T494 om-81, T414 om-82, and T403
om-85, respectively (26) (27) (28). For tensile, determinations
were made on ten samples from ten different’Sheets. Tén |
determinations for tear index were made from five different
sheets of paper. Ten determinations of burst index were made on
five sheets, with five being taken on the wire side and five
taken on the felt side of the sheet.
Caliper was measured using.Tappi Standard T411 om-84 (29).
A motor-driven micrometer was used to test ten sheets. From this

information, density of the paper was calculated.
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RESULTS PRESENTATION AND DIBCUBSION
PROPERTIES OF FINES

Photo-micrographs of bleachéd kraft fineS'are shown in
Figures 1, 4, and 7. From these pictures it is seen‘that the
bleached kraft fines are quite fibrillar in nature. These fines
originate from the primary and secondary Wails of the fibers. It
is aléo evident that the fines tended to flocculate info bunches
of fines in water suspension. This conditibn was also seen by
Hsu (31). This can be explained by the large specific surface
area of the fines and by the extreme amount of bound water at the
surface of the fines, as was found by Giertz (7). These
conditions will tend to promote hydrogen bonding and thﬁs'
flocculation of the fines in suspension. |

Unbleached kraft fines are shown in Figures 2, 5, and 8.
These fines tend to be more of a mix of primary and secondary
fines than with the bleached kraft fines. -This can be seen by
the mix of flake-like material of primary fines with the‘mofe
fibrillar secondary fines. Comparable results ﬁere documented by
both Hawes and Doshi (8), and Mancebo et al. (19).

Figures 3, 6, and 9 illustrate the TMP fines. These fines
appear quite flake-like and chunky, with very little fibrillar
material present. These fines resulted from both pulping and
secondary refining.

The contrast of these pictures was‘still not adequate to

allow for analysis with the image analyzer. For this reason,
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only qﬁalitative'information could be obtained from the

photomicrographs.
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Figure 1: Bleached Kraft fines .
at 40X magnification , ‘.: ERY - ‘
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Figure 2: Unbleached Kraft fines f%@i%é’ N o -
at 40X magnification - S e

Figure 3: TMP fines at 40X
magnification
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Figure 7: Bleached Kraft fines
at 200X magnification

Figure 8: Unbleached Kraft fines:
~at 200X magnification

Figure 9: TMP fines at 200X
' magnification




‘rigure 10 illustrates results from length’analysis with the
Kajaani Fiber Analyzer. In the case of each type of fines, it
can bé‘seen that over 90% of the fines material is less than
0.22 mm in 1ength.}(Tﬁis'method is limited by‘thé fact that the
smallest measured size is'0;07 mm, andbit is quite likely thatva
portion of the fines méterial is ﬁuch smaller than this. Data

from the Kajaani'analysis can be seen in Appendix IV.

FIGURE 10: FINES SIZE DISTRIBUTIONS
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" Results of’centfifugal water retention tests can be seen in
- Figure 11. As expected, the bleached kraft fines proved to have

the'g:éatest affinity for water, followed by the unbleached kraft
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and thé TMP. These results agree well with the conclusions drawn
regarding the origin and composition of eéch type of fine. 1In
work done by Jayme (12), it was found that bleached kraft,pulps
had ‘a lower water retention potential than uﬁbleached kraft
pulps. While this is not in agfeement with the results found
here,‘it should be noted that Jayme wés using whole pulps and
étudy of the fines themselVes was not performed. The bleached
_ kraft fines, made up primarily of hemicellulose and cellulose,
héye a natural affinity for water. The unbleached kraft and TMP
fines contain lignin, which is less hydrophiliic than |
hemicellulose and ceilulose; resulting in lower water retention
values. This lignin would also tend to restrict swelling of the
‘fines due to its croSs~1inked, stiff nature. Water retention
datavis»shown in Appendix V. 7

FIGURE 11: CENTRIFUGAL WRV FOR FINES |
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FigureAlz illustrates results from the drainage tests in the
British Sheet Mold, ﬁnexpeétediy, the unbleached kraft fines
~ showed far greater drainage times than the bleached or the TMP
fines. 'The most probable theory to explain‘this relates to the
 greater mix of pafticle shapes and siées seen in the
ﬁhotomicrographs. With a wider array of sizes, the voids on the
- sheet being formed are more'easily séaled,‘allOWing_vefy little
flow through the mat..‘The,bleached kraft and TMP fines may have
1éss of én ability to fill in these voids. Drainage data is

listed in Appendix VI.

FIGURE 12: DRAINABILITY OF FINES
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Figure 13 illustrates the effects on drainability of water
through‘thevfines mats at variousvlevels'of differential
pressure. As was seen with the drainage tests in the British
, Shéet Mold, the unbleached kraft fines drained the slowest,
followed by the bleached kraft and TMP fines. 'Using the “
equations used by-Hawes and Doshi (Sf, compressibility values for
- each type of fines were determined. As seen'in Figure 13a, the
- TMP fines were calculated to be the most compressible, followed
éioselyAby the unbleached kraft and the bleached kraft. This is
not the expected result. One would expect to see the bleaéhed
kraft as the most compfessible, followed by the unbleached kraft
and then the TMP. The tests for compressibility were made
between 10 and 15 inches of water’vacuum on the fines. For the
TMP, the average times to drain | |
50 ml of water at both 10 and 15 inches were determinedkto‘be
étatiStically equal using a Z-test for determining differences:
between two population means. As thefe is statistically no
difference betweén the resistance of the uncompressed and the
compressed mat, it could be stated that the TMP fines were
" virtually incompressible; At the same leveisyof_differential
pressure, average times for the bleached and unbleaéhed kraft
fines weré detefminéd tb'be statistically inequivalent using the
same test. Calculations for these tests can be seen in Appendix

VII. In the case of the unbleached fines, the results of the
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compreésibility test may be somewhat misleading. As with the
drainability tests‘in the Britiéh Sheet Mold, it is believed that
what may at first be interpreted as compressibility may in fact
be resulting from the effects of the wide ﬁix of particle sizes
present. There is the possibility that these particles are not
feally compressible, but mobile in the mat, moving into voids as

' more pressure is applied, giving the effect of compressibility.

Figure 13 : EFFECT OF PRESSURE ON DRAINABILITY
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FIG.A’13a: COMPRESSIBILITY OF FINES

1.788

- .
o 15
o 1.382
“ y
i -
=
o 1
. (X]
g
[=]
o 05 %
ot 0005020,
200RRHERRHREN
IR RLREALRRK
03600000 te dotedetetetusedertese
o atetetetetetotetetedotaededs
QORI IS
o206 %e0%0%e 2 %0 fa e %0t
SR KILHRIIIHCIIR
0:0.0...9:0300000,0:0.0.0:0'0.0:0
S 55 oletetelede
o 0.9.9.6.0.4

BLEACHED KRAFT

TYPE OF FINES
" HIGHER "b” VALUE INDICATES MORE COMPRESSIBILITY

PROPERTIES OF HANDSHEETS
Graphs from the following section of the results start on page

35.

Density

-As can be seen in Figures 14, 15, and'is, as fines levels
increased, so did densities for bleached kraft; unbleached kraft,
and TMP. This is the expected result, as the fines have the
ability to £ill in voids in the sheet,lmaking a more dense |

network. The high bonding area contribution of the fines also
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serves to compact the final sheet structure, resulting in highér,
- density. These increases in dénsities will serve as pért of the
basis>f6r the fiﬁss' contributions to’the development of other

sheet properties. ‘Raw data used to détermine‘density'is listed

in Appendix VIII.

opacitx' _ _

.Figures 17, 18, énd 19 illustrate the effests of fiﬁes on‘
opacity of the psber. ’With the bleached and unbléschéd kraft
fines; 6pacity decreased with the addition 6f'fines, as expected.
As the fihes providé for a denser, morebclosely bonded sheet,
thsfe'were fewer sUrface areas to scatter:light, thus loWering
opacity.. Opacity dété’is seen in Appendix IX. Figures 20 and 21
show'the'décreasss in scattering coefficients in the sheets as
fines levels increased, supporting the results'sf fhé opacity

:fests. Figure 22 shows the decreasiﬁg‘scattering coefficient of

- the TMP sheet With‘the addition of finss. This would lead one to
expect a decrease in the opacity of the sheet also. ‘However,
Figure 19 shows increasing opasity with-fines’addition for the
TMP sheet.’ This'may be expiained‘by considering thebcolor‘oﬁ the
fines themselves. Dufing the pfocessing'steps of the’fines)»they
may have picked up iroh f:oﬁ the water, giving color to the‘
finésl This color‘may be responsible for the‘increase seen in
jopacity;‘as these colored iron compounds absorb light, increasing
the measured opacity. Appsndix X lists scattering coefficient
data. o _ ’;
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Brightness
Figures 23 and 24 illustrate the effect of fines addition on
brightness_of,the'sheets for bleached kraft and TMP. Brightness,
tests were not performed on the unbleached sheets, asdbrightness
in rather irrelevantkforvgrades made from'unbleached kraft. As
expected ‘the brlghtness of the bleached kraft sheets decreased
vw1th the addltlon of fines. This comes as a result of 1ncreased
bonding in the sheet, leaving less surface areas in the sheet to
scatter light. The brightness of the TMP sheets showed an |
overall'decrease with fines addition. This may be caused by both
the decreased scattering coefficients and the color of the fines
as mentioned in the-discussioniof opacity. A?igures 23a and 24a
show the effects of fines level on_absorption‘coefficients of the
bleached kraft and TMP sheets, respectively;' Absorption
cOefficients for bothltypes of pulp increased as fines level
increased; This is reflected in the losses in hrightness with
; 1ncreas1ng fines levels seen for each type of pulp. The TMP
sheets possessed far greater absorptlon coeff1c1ent values than
the bleached kraft. Th1s ‘can be attributed to the colored
components in the TMP pulp. Agaln, this is seen in the
differences in brlghtness values hetween the bleached kraft and

the TMP sheets. Data for brightness is seen in Appendix XI.

Tensile Index

Eigures 25, 26, and 27 illustrate the effects of fines

addition on sheet tensile indexes. For each type of pulp,
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tensile index increased as the level of fines in the sheet was
increased. This,Can be explained again by the improved bonding
in the‘sheets afforded by the high surface areas ofbthe‘fines.
With the additibn of fines also comes better distribution of
forees:in the sheet_during the tensile testing procedure.

Appendix XII lists tensile index data.

Buret Indeﬁ

- As seen.in Figureelzs and 29, the burst index of both the
bleached and uhbleachedikraft sheets ihereased as fines level
increaeed.' Again, this can be explained by improved bohding in
the sheet due to the fines. For‘the bleached kraft fines, the
gradual decrease in strength above 22% fines may be explained in
ﬁerms of the length of theifibersfin'the sheet. The finee are
mdch shorter than the fibers, allowing for'less elongation in the:
;heet before'rupture. Above 22% fines; it appears:thatla point
" has been reached where the sheetls ability to stretch has been E
degraded, thﬁS'breaking under less pressure.v Burst tests could
not'be performed on the TMP sheets, as they were too weak to
register reliable values during testing. Data for burst index

can be seen in Appendix XIII.

Tear Index

'Figufes 30, 31, and 32 illustrate the effects of increased

’fines levels on the force required to tear sheets of each type of
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pulp. 'As expected, tear index decreesed with fines“addition in
the bleeched kraft Sheet.‘,This.may be explained by the idea that
ihcreaeed bonding due to the presence of fines allows mofe long:
fibers in the sheet to break, which requires‘less Vork»than
breaking the bonds and pulling these long fibers fromAthe sheet.
This in turn feduces the amount of force requiredvto tear ﬁhe»
sheet. :In:Figure 31;_the slight increaee'in tear index between
7 and 15% fines for the unbleached kraft sheet may be explained
by the more uhiformly'formed sheet at 15% fines yielding better
stress distributioﬁiin the sheet, thus inCreesing-the tear
siightly.' Thisvappears much like a beater curve in the
development of stfength prbperties. The TMP sheets were by far
the weakest sheets, attributed to by its,short; chunky fines.
Thevincreese seen in>tear index may again be expleihed by
,pessibly better stfess‘distribution in the sheet. Appendix XIV

‘;lists‘tear'index data.
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FIGURE 14: EFFECT OF FINES CONTENT ON DENSITY
BLEACHED KRAFT FINES
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FIGURE 15: EFFECT OF FINES CONTENT ON DENSITY
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FIGURE 16: EFFECT OF FINES CONTENT ON DENSITY
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FIGURE 17: EFFECT OF FINES CONTENT ON OPACITY
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FIGURE 20:

SCATTERING COEFFICIENT, m=2/xq" -

FIGURE\ 21:

SCATTERING COEFFICIENT, m=2/kg

FIGURE 22:

SCATTERING COFFICIENT, nf 2/kg
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(FIGURE 23:  EFFECT OF FINES CONTENT ON BRIGHTNESS
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- ABSORPTION COEFFICIENT
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FIGURE 25:  EFFECT OF FINES CONTENT ON TENSILE INDEX
~~ BLEACHED KRAFT FINES
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FIGURE 28: ' EFFECT OF FINES CONTENT ON BURST INDEX
' BLEACHED KRAFT FINES
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ACTIVITY OF FINES |

Figures 33'throngh.3§ illustrateithe percent change in a
given sheet property‘per percent change in fines level at each
incremental Change in fines. These figures begin on'page.51.
Thie.is a way of characterizing whether'the fines' effects are
additiVe or subtractive_tc the sheet propertyfdeVeiopment as
fines levels increase._ This islaISOva way of normalizing each
type‘cf_fines' impact on'their‘respective'sheets so that the |
three different types of fines can be compared on the same basis.
This basie‘of comparison will be referred to as the "activity" of

the fines.

Density

vFigure 33’shows the relative activities for the fines'
,inpact on sheet density. The addition of'fines'has the biggest
;impact on the TMP sheets, as can be seen in the top line of the
" graph. This mayvbe explained by the fact that the TMP sheet had
a'very'iow density to startbwith, so any additions of fines were
very effective. For each incremental change_in fines level, the |
unbleached kraft fines showed quickly improving activity, as
evidenced by the siope ofbthe unbleached line on the‘graph. The
bleached kraft fines showed the errall lowest activity. This
could be explained by the sheets' high density to start, thns any
incrementai increases in fines would'contribute little to

increasing the density any further.
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Opacitﬁ
Figure 34 illustrates the acti?ity of each type of fines‘in

affecting opaciﬁy.v The TMP fines show the everall_gfeatest
activity, first increasing then decreasing as‘fines‘levels
increase. }The bleached kraft finesvshdw an increasing ectivity
for.feducing opacity at'ihcreasing fines leﬁels, indicating an
addiﬁive type of effeCt. According to the points on the graph;
the activity mey be tebering off in the 22 to 30% fines level
increaSe; indicating ﬁhe possibility of a‘maXimum change.that may
be achieved per fines addition. The unbleached kraft.fines
showed a low aetivity, With thebactivity decreasing'slightly at
higher additipn levels. vThis'may be becauee the sheet is so
dark,’with many,color compounds already present to absorb light.’7
With this, there would be little that the fines could do to

affect opacity.

"Brightnese

figure 35 shows the_activity of bleachedbkraft‘and TMP fihes
as'related to sheet brightness. As cah be seen, incfeasing the
level of bleached kraft fines has little effect on the activity
of the fines in redueing brightness. For the TMP,fihes, a
decrease‘in activity is seen in the 7 to 15% fines level
increase. This corresponds toAthe increase in brightnese seen in
Figure 24. Howevef,'after thisvpoint, the activity of the fihes

increases dramatically, corresponding to the decrease in sheet
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bfightness. This may be the point at which the decreased
scattering coefficient combined'with the color of the fines

really comes into play in reducing the brightness.

Tensiie Ihdéx

Figuré_36»illustrates the activity Of‘fines in the
developmént ofvtensile_index; The TMP shows the greatest“
actiVityvoverall, but decreasing at the higher fines levels.
This may be explained by the finesf contributipn to bonding af
the.ioWer levels of addition, yieiding.large increases in tensile
strength. As fihes levels continue to increase, at the expense
of replacihg long fibérSIWith short fines,’opposing forces are
created in the development of tehsile sfrehgth, The bleééhed and
unbleached,kfaft fines show far lesé activity, with'decreasing
‘aCtivity at the higher fines levels. This may be becaﬁse the
;sheéts already possessed considerable strength without the fines.
" The decreasing activity may again be'explained by the faét.that
while increasing levels ofvthevshort fines, which contribute_tby
bondihg in the sheet, the longer fiber fraction in the sheet is
subsequently being decreased.-‘

«

Burst Index _

In Figure 37, the activity of bleached and unbleached kraft
fines can be seen with regard to burst index. The bleached kraft

fines show a dramatic decrease in activity as fines level
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inCréaées. Thié is also'evidentvin Figufé 28. At the higher
levels Of_fines, the addition of extra fines has little effect on
the burst'index. ACtﬁally,‘a decrease in‘shown. At this point a
makimum pptimum ievel of fines may have beenfreached; It may be'
at this point where the improved bondinquan noblothr make up
for thé decreasing percentage ofvthe pulp that is longér fibéréd;
The unbleached fines showed.an overall higher activity than thé o
bleached fines. The activity decreased only slightly with |
ihcreasing levels of fines. This may tend to‘indicate that
further gains in burst index may be seen with fines levels hiéher4

than 30%.

Tear Index

. 'vFigure 38 illustrates the activity of fiheé}in ﬁhe
,dévelopment of tear‘index. The TMP shows the overall highést
‘iactivity, but decrgaSes as fines level increases. The fact that
" the TMP fines aré<the most active may be explained in terms of
the'relative:strength of the sheet as compared to.thévgégg;-two
types-of‘pulps. As the sheet is so weak to begin with, the
 addition of fines'may help to distribute the‘forceé and increase
tear.v Within the range of fines levels evaluated, the
feplacemént of‘longef~fibers with fines has not yet had an effect
‘on the tear index. The bleached kraft fines showed véry littie
activity, increasing slightly at higher levels of addition. This

activity contributes to the decrease in tear strength. As
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bdndiﬁg>in’the sheet increases, more long fibers are allowed to
break,_which'fequirés lésé work thah pulling them out of the
fiber network. The incfeasing activity shows that at upper
levels thé fines are p1ayiﬁg more of a role in decreasing sheet_'
strength_thanvat the lower levels. This‘éould again be the
resulﬁ 6f the indreased bohding contributed-by the fineé; 'This
condition’ﬁay allow for the development of other prbpérties '
reqﬁiring high fines ioading without signifiéantly fedhcing téar.
The unbleached fihes,aisp show increééing activity iﬁ‘reducing
tear strength. This shows that as fines levels increase, the
fines afé contributing more to»the losé of tear ihdex, againvdue
to the increaéed bonding in the sheet allowing the long fiberé,to,

break.
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‘ S8UMMARY OF RESULTS

VBLEACHED KRAFT FINES
Y'Propertiés of Bleached Kraft Fines

Photomicrographs taken of bleached kraft fineSVShowéd them
to be fibrillar in‘naturé, with a tendency to flocdﬁlate into
bundles. Kajaani fiber length analysis showed that over 90% of
the fines were less than 0.22 mm in iength,iwhile 42%’of the
material wasbless‘than 0.07 mm-in length. As expected, the
: bieachéd kraftifines exhibited the highest centrifugal water
retentiqn.vélues; holding nearly 900 grams of wateriper 100 grams
of‘oveh-dry-fines. In drainability tesis, the bléached kraft
fines needed 8.67 Sechds to dpain 6950 ml of‘water, as‘Opposed
to 163.4 seconds for the unbleached kraft fines. It is believed
that this is affected not only by the fines!' affinity for water,
' bﬁt also the shapes of the fines particles. In tests to
;determine the compressibility of the fines, the bleached kraft
fines were expected to be the most compressible.‘ However, the -
data did not shqw'this. The unbleached kraft fines wére found to
be more compressible} The validity of this_result is questioned
as it is'beiieved that the'same affects that were seen in the

drainability tests may have been in play here.

Effects of Bleached Kraft Fines on Sheet Properties
' Bleached kraft fines increased sheet density as the level of

fines in the sheet was increased. The activity of the fines
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(perceht change in sheet property per percent change in fines
level) was found,te;increase as the.level of'fines in the sheet
increased. This activity was the 1owest'overali‘of the‘finés>
evaluated. These fines were found to decrease the sheet
scattering coefficients.v As expected, this caused‘decreases in
both opacity ahd brightness, as the'ability to scatter light was
lessened as_fines level_ihcreased. Absorption.coeffieient also
increased as fines ievel increased. 'Aetivity of the fines in
reducing the opacity inefeased as fines level increased. Thefe
was no signifieant chahge in fines activity in redueing
brightnessvas fines level increased.

As fines level increased, tensile index and burst index both
increased{' This was the expected result as bonding'afea
1ncreases in the sheet with 1ncreas1ng fines levels. The‘
'act1v1ty of the fines in- developlng ten511e and burst strength
idecreased as fines level increased. ‘This is the expected result._

"While bonding is increasing with fines addition, it must be
remembered that longer fibefs are being replaced with the short
fines, which will give -up some of the strength gaih obtained from:
better bonding. Tear index decreased with increasing'fines
level, with the activity of the fines increasing slightly with
inCreasing fines level. In this case, the addition of‘fines and
the resultaht‘increase in'bondingkallow‘more long fibers te ,

' break, as opposed to being pulled out of the sheet.

58




UNBLEACHED KRAFT FINES |
Properties of Unbleached Kraft Fines
As seen in the photomicrographs,'the unbleached kraft fines

are a nix cf flake-like'primary fines material with fibrillar
secondary fines. Again, over 90% of the material wasbless'than '
22 mm in length accordlng to Kajaanl fiber length analy51s, with
over 40% of the flnes being less than 0.07 mm in length
Centrlfugal water retention tests placed the unbleached kraft
fines between the bleached kraft and the TﬁPlfines, holding 650"
grams of water per 100 grams of,oven-dry fines. In testing to |
determine-drainability of the fines, the unbleached kraft fines
needed 163.4 seconds,to drain 6950 ml cf water. This was far
Vlonger than fcr the other'types of fines and is probably_due'to
filling of the'forming screen and void filling in the mat. These
ufines were found to bebmore compressible'than the bleached kraft
;fines. This is an unexpected result, and may possibly be
explained~by the filling of voids in the mat, offering greater

resistance.

Effects of Unbleached Kraft Fines on Sheet Propertle

As expected as fines were added to the sheet density
increased. Act1v1ty ‘'of the flnes in 1ncreas1ng dens;ty increased
as fines level increased. The overall affectvwas greater than
that for the bleachedbkraft fines. Increasing the level of fines

in the sheet caused a corresponding decrease in the scattering
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COeffiCient of the sheets. This resulted in decreasing.opacity
as fines-level inéreased. There waS'little change‘in‘the
activity of thé fines in feducing‘the opacity as fines level
iﬁcreased. |

Aé ﬁhe level of fines in the sheet was ihcreased, tensilé
index and burst‘ihdex increased.riThis‘agaih results from the
better'bbhdihg in the sheet. In each case, the activity of thg
fines decreased as fines level in the sheet increased due to the
6p§osingvforces of increaéed_bonding and the replaéement of
longer fibefs.j\Tear index increased slightly between 7.ahd 15%
fines addition; then'feli off at higher lévels.> The adtivity'of

the fines increased steadily with fines addition.

TMP FINES

Pfoperties-of TMP Fines
; Phdtomicrographs showed thé'TMP fines to be mainly flake-
liké‘and chunky in nature, with very little fibrillar material
preseht. Ffom the Kajaani fibef 1en§th analysis, 90% of the
fines wefe found to be less than 0.22 mm in length, with 38% less
than 0.07 mm in length. As expected, the TMP fines had the
léwest affinity for water, as evidenced in the}centrifugal'water
retention testing.' These fines held-480-grams ofvwater per 100
grams of oven-dry fines; In agfeement with this result was the

result from the drainability test. The TMP fines drained the

fastest as é result of their low affinity for water and bulky,‘
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chunk¥iike_nature.‘ In studying'resulté from the compréssibility
test, statistical analysis of differencé in,drainage times
betweenvio and 15 inches of water vaCuuﬁ showedvthat there was no
difference_between the two levels. ‘When assﬁming thét there is a
difference between‘the filtration fesistance of the uncbmpresséd
and thé compreséed mat, the TMP fines Seem to be the most
compréssible. When taking into ACCount that there wasbno
statisfical difference between the two resistance values; the end

result is that the TMP fines are virtually incompressible.

Effects of TMP Fines on Sheet Properties'

As fines ievel ih the sheet increased, the_denéity
increased, with the activity of the fines in developing density
incréasing also. Opacity increased as fines leQel'in_the sheét

‘iﬁCreased, This resulted even though scattering»coefficient
;showed a generalydecréase. The increase in'opacity may have
" resulted from color presént in the fines.k At the same time,
brightneés also decreased, supporting the theory that colorbof'
the fines themsel&es is at ﬁork to increaée opacity:. Absorption
coefficieht increased as fines level incréased. The activity of
the fines for decreasing brightness‘inéreased with fines
addition.

- Tensile index increaéed‘with increasing levels of fines in
the sheet. »Activity of'the‘fines in devéloping tensile strength

decreased as the level of fines in the sheet increased. Tear
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index also increased as fines level increased, but activity of

the fines in developing.tear index steadily decreased.

'CONCLUSIONS
- While all of the testing to characterize fines was not
successful in establishing significant trends, significant
characterizatione‘were made for'scme of the‘fines prcperties.

The method used to characterize the fines_by size proved to be
| inadequate in developing significant trends; as all three of the

fines were found to possess essentially the same size

distributions acccrding’to the Kajaani fiber length anaiyses.
.Likewise; the tests for ccmpressibiiity failed to demonstrate
significance in’characterizing the fines. Characterizaticns that
,did exhibit significant results include type (bleached,
;nnbleached, or mechanical)‘andfgeneral physical nature cf the
" fines, water retention.values of the fines, and activity of the
fines in affecting eheet propertiee.‘

o However,‘it'became obvious in the analysis of the data that
the best‘method may not have been used in determining the effects
that -the fines had on sheet properties, when speaking in a sense
of comparison of the bleached kraft to the unbleacned'kraft to
the T™MP fines. By evaluating the fines of each of the respectiVe
pulp types and then adding them back into their own respective‘

pulps for evaluation of effects onvsheet properties, another set
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of‘variables wae added into the eqnatien;_this being the
interactions of the fines with pulp of its own‘type‘with regard
tovdevelepment of sheet properties. It is impossible:to know the
effects that using'fines in their own respective pnlp may ha§e
had, as opposed to using each of the fines types in a‘single;
controlled pulp type. 1In the case of the development of density .
withyadditionfof"fines, it would be expected that‘the nore
hydrophilic fines (bleached and unbleached kraft as seen in WRV
fests)’would have greater impact on density of the sheet. This
was not the case, as the TMP fines were found to have the |
greatest effect on sheet density, causing the greatest percentage
increase (185%) in density from 0 to 30% fines and~elso the
_greatest overell-activity in inCreesing density. Conditions in
thevTMP pulp itself were causing unseenﬂand unevaluated effects
| oh the density with fines aadit;iori. On the other hand, the
;development of density;in the bleached and unbleached kreft fines
) did‘follow an expected trend in that the bleached kraft fines had
a slightly:greater effect on the’develepment of density than did
the unbleached kraft fines. In the casebof'tensile strength,'it
wes again seen that the TMP fines had by far the greetest impact
of alllthe’fines,'with the tensile strength'increasing 200%
between 0 and 30% fines. Again, these fines’alse_had‘the highest
oVerell activity in the development of feneile strength. The
bleached and nnbleached kraft fines followed a more predictable

course; with the more fibrillar, hemicellulose and cellulose
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containing bleached kraft fines showing greeterbdevelopment of
tensile sttength,than the unbleached kraft fines. This, however,
was not the caee with burst strength, as the unbieached kraft
Afines showedrgreater,strength development. |
In the}aree of opticai properties,_difficulties arose.in the
cese_of the TMP fines picking up ccnsiderable color during
processing operations. This in itself addsiancther vafiable to :
the evaluation‘ofbthe fines in affecting sheet,properties.
Because of this, no ccmmon ground exists’on which to ccmpare the
effects of the TMP fines on brightness and opacity to the otner'
tﬁo vafieties of fines. ‘chever, in the case’of scattering
coefficients of the eheets containing fines,‘itvCan be ccncludedi
that'the’more fibrillar and compreseible the fines (bleached
kraft versus TMP), the more impactktheredwill be on scattering
‘ccefficient. This was seen in tne 58% drop in scattering |
;coefficient of the bleached kraft sheets as opposed tc'tne 12.5%
" drop in the scattering coefficient of the TMP sheetsvbet&een 0
| and 30% fines addition. | o
Mcre general conclusions can be:made regarding the effects

that'each‘type of finesbhad on thevprcperties of'each of their"
respective sheets; Regardiess of'fines‘type, it can be concluded
tnat increases‘in sheet density and increased bonding ﬁill be
seen by virtue of the small size of the fines as compared’to
other'fractions of the pulp. becreases in scattering‘coefficient

can also be expected,vas the small size of the fines again offers
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a mOre éompact sheeﬁ with less surface area to scatter_light;

’ Because‘of this, lbsses in obacity and brightnessAcan_be"4r
expected. ‘Résults df fhis:study'tend to indicate that fines
containing'idwervievels of lignin and poSsessinQ a more
fibrillar, water-holding type structure could be expécﬁed,to
resuit/in more dramatic losses in scattefing coefficiéht in the
sheet.

In a general sense;'any_fines_addition will give tensile and
bﬁrst strength increasésvup to some point of fines addition.‘
After this point; the strength increases afforded by better
bonding will no longer be capablé of offséttingfthe increasing
replacément of longef fibers with the shorter fines, atAwhich
strength losses can be expected. Results 6f this study wére
unabie to confirm‘relatiohships between specific properties of

the fines and their role in development of strength properties.,

RECOMMENDATIONS FOR FURTHER STUDY

Because of the aforementloned problems associated with- u51ng
‘the_flnes in each of thelr own or;glnal pulp‘sources, it is
suggeéted that the effects that various fines may have on sheet
properties’be detérmined‘by using a single pulp éource,into which
thé various fines could added. This would eliminéfe the
inﬁeractions thatvexist‘between fines and their original pulp
source, giving common ground on which to compére the roles that

various types of fines play in developing sheet‘pfOperties;
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Another interesting study may result from studying various
mixes of softwood and hardwood fines in a sheet. In the paper

industry today,‘nearly'all paper is made using both hardwood and

softwood. 'This could possibly result in infdrmation-that is more.

‘readily applicablé to papermaking today.
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APPENDIX I: Centrifugal Cup Assembly for WRV Determination
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QCNTRIFUGE CUP ASSEMSBLY

*%* Illustration taken from Thode, et al..(A)
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. APPENDIX II: WMU Float-Wash Apparatus
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é?PENDIX III: Compression Filtration Resistance Apparatus
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APPENDIX IV:

SIZE

0.00
0.07
0.15
0.22
0.29
0.36
0.43
0.50

** VALUES ARE PERCENT OF TOTAL SAMPLE TESTED

RANGE

- 0.07

- 0.14

-.0.21
- 0.28
- 0.35
- 0.42
- 0.49
- 0.56

mm

mm
mm
mm
mm
mm
mm
mm

- BLEACHED KRAFT

42.63
37.38
14.19
3.54
1.6
. 0.43
0.11
0.02

TMP

- 38.52

- 40.51
13.98

3.17

1.53
0.54
0.27
0.23

RESULTS OF KAJAANI FINES LENGTH DISTRIBUTION

'UNBLEACHED

40.69
35.62
15.14
4.96.
2.22
0.6
0.22
0.09



APPENDIX V: CENTRIFUGAL WATER RETENTION VALUE RAW DATA

WET* DRY  WRV** WET DRY WRV WET DRY WRV

1.35 0.15 800 1 0.13 . 669 1.02 0.18 467
1.51 0.16 844 1.07 0.14 664 1.1 0.19 479
1.79 0.17 953 1.08 0.14 671 1.2 0.2 500
1.65 0.16 931 1.14 0.16 613 1.05 0.18 483
AVERAGES: S B )
1.58 . 0.16 882  1.07 0.14 654 1.09 0.19 = 482

*WEIGHTS ARE MEASURED IN GRAMS

**WRV EXPRESSED AS g. WATER/100 g. o.d. PULP.

APPENDIX VI: DRAINAGE TIME DETERMINATION IN BRITISH SHEET MOLD

(TIME TO DRAIN 6950 ml OF WATER IN SECONDS)

BLEACHED KRAFT UNBLEACHED KRAFT , TMP
9.83 S 146.44 : ‘ 4.76

. 8.46 ’ - ' 154.4 ' 4.92.

*  9.59 . 175.67 | 4.51

. 8.42 , - 159.61 . 5.09
7.41 . 167.5 : 5.05

8.09 - : 163.21 ° 4.47

7.75 149.32 - 4.64

9.17 : 171.2 ' - 4.78

- 8.18 : - 168.45 = , 4.76

9.78 | , 178.11 | 4.7

AVE: 8.67 '163.39 : o 4.77
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APPENDIX VII: COMPRESSION FILTRATION RESISTANCE

RAW DATA

BLEACHED KRAFT

| 'FORM TIME*
469.2
492.8
488.2

AVERAGE: ' 486.8

STD DEV: - 10.6

TMP-

FORM TIME

58
- 63.1

67.9

71.7
53.2

AVERAGE:  62.78
STD DEV: 6.64

UNBLEACHED KRAFT

FORM TIME

663.1
695.7
708.3
645.2

AVERAGE: 678.1
STD DEV: = 25.1

10" HG

1657
1501
1661.9

- 1623.3

1610.8
65.1

10" HG

115

199.6
163.7

114
163.5

151.16
32.69

10" HG

2200. 4
2156.9
2312
2297.8

2241.8
65.2

15" HG

1252

1282
1199
1342

1268.8
51.7

15" HG.

90

160.25
139.1
103

132.3

124.93

25.31

15" HG

1828

1906.3
 1856.4"
1804.7

1848.9

37.9

20" HG

974.9
1218.1
1167.7
1275

1158.9
~112.8

20" HG

93.2
135.6
122.4

93.3

111.125
18.47

20" HG
1570.6
1499.3

1542.3
1603.1

1553.8
138.1

*ALL VALUES EXPRESSED AS SECONDS TQ‘DRAIN 50 ml

75

28" HG

884.7

1100

1141
1113

1059.7
102.1 -

28" HG

80.7
96. 4
94

. 61.7

83.2
13.78

28" HG

1374
1402.8
1396.2
1314.6

1371.9
34.8
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APPENDIX VII: COMPRESSION FILTRATION RESISTANCE.

Z-TEST TO DETERMINE STATISTICAL SIGNIFICANCE OF TMP RESISTANCE VALUES:

'TIME TO DRAIN AT 10 INCHES VACUUM = X = 151.16 seconds 1
' o . R STANDARD DEVIATION = x = 32.69 secomis

*TIME TO DRAIN AT 15 INCHES VACUUM =Y = 124.93‘seconds
' S ~ ' STANDARD DEVIATION =y = 25.31 seconds

!

"IN EACH CASE, SAMPLE SIZE nX = nY = 5

"Ho: X -Y =20
Ha: X = Y not equal 0
X=X
Z = """""";"""""";f _______
((X"2/NX)+ (Y 2/NY)}"0.5
| 1151.16 - 124.93

' {{1068.4/5) + {640.6/5)) 0.5 ‘

AT A 99% CONFIDENCE INTERVAL (ALPHA = Q.Ol)}'REJECT‘Ho‘IF:

RN . Z <= -2.b8 OR Z >= 2.58

THEREFORE, Ho IS ACCEPTED AND X = Y
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'DENSITY RAW DATA

APPENDIX VIII

b .

BLEACHED KRAFT

22 30

15

'PERCENT FINES

8ndnu7n/7,3nboJ8.

3343334333

v0930220832

5444444344

.1990801344

4334344444

0201003510

4444444444

4243543530

4444444444

mils

'CALIPER,

'AVERAGE
STD DEV

o AN

™o

T o

— A
< O

— A

< O

S )

o) <

™ o

'UNBLEACHED KRAFT

22 30

15

-

'PERCENT. FINES

§ .

'CALIPER,

7805808698

4454454444

0909902019

5454455554

7964577537
5555555555

2525470075
5555555555

‘mils

. AVERAGE

o AN

. O.

O
n O

O AN
n O

<T AN
mn o

'STD DEV

. TMP

22 30

15

'PERCENT FINES

;6498543432

8888988999,

' ..
6044226935

9099909999
—

0646773791
0901900990

- A A =
— — OO OO N
e e 6 9 ¢ e
R eofoloNofoNoYoRoNa)
Ad A A A A A A
NA~NOVWVWOOOHO
«. e e D R
A AO0OO0OAAA—AA
A A AAAdAA A A
0
—~
-
£
4
m
o
.
—
<<
O

10

11

10.

STD DEV



'APPENDIX VIII: BASIS WEIGHT TEST VALUES

BLEACHED KRAFT

PERCENT FINES o 7 15 . 22 30

BASIS WEIGHT, 58.06 58.06 = 56.04  59.07 58.57

g/m”2 ' - 57.56 58.57 - 55.54 60.59 - 57.56

AVERAGE: | 57.86  58.16 55.79 59.17 . 57.96
STD DEV: . 0.88 0.38 . 0.41 1.12 0.44

'UNBLEACHED KRAFT

PERCENT FINES 7 15 22 © 30

BASIS WEIGHT, g/m"2 . - 57.56  56.55  57.56 57.05
L . 57.56 - 57.05  58.57 57.05

: 58.06 59.07 58.06 58.06

: 58.06 58.57  58.06 57.56

58.06 57.56 58.06 58.06

57.56 57.56 57.56 58.06

58.06 58.06 58.57 57.05

57.56 56.55  58.06 57.05

'AVERAGE: e 57.86  57.66 58.01 57.51

'STD DEV: | . 0.25 0.84 . 0.35  0.42
“TMP

PERCENT FINES 0 7 15 22 30

BASIS WEIGHT,  58.06 56.55  57.05 57.05  58.57

g/m*2 | 57.56  56.55 58.06  58.06  58.57

R 57.56 56.55 56.04 58.06  58.06

57.05 56.55 57.56 58.06 57.56

55.54 57.05 57.56 58.57 57.56

56.55 56.04 57.05 57.56 58.06

56.04 57.05 58.06 57.56 . 58.06

57.56 56.55 56.04 58.06 58 .57

57.56 56.55 57.56 58.57 = 58.06

| 58.06 57.05 57.56 58.06 57.56

'AVERAGE: - 57.15  56.65  57.26  57.96 = 58.06

'STD DEV: , . 0.81 0.30 0.68 . 0.44 0.39

78



(APPENDIX IX: OPACITY RAW DATA

'BLEACHED KRAFT -

'PERCENT FINES: ‘ 0 - 7 15 22 30

‘% OPACITY =~ -~ . 61.1  60.5 59.2 55.4. - 56.3

| : - 64.4 61.1 61.6 60.6 50.6

65.6 62 - 57 58.1 58.4

63.4 60.1 62.7 - 58.4 55.9

64.9 69.4 60.2 59.7 53.6

64.5 62.3 59 60.7 55.8

62.7 63.4 58.9 60.7 55.7

63.2 61 S 61.2 56.5 51.9

64.1 61.6 - 58.8 62 56.7

62.9 61 58.3 63 54.8

 AVERAGE: o 63.7 62.2 59.7 59.5. 55.0

“STD DEV: .. ' 1.23 2.55 " 1.63 2.27 2.21
: TMP

 PERCENT FINES: 0 7 15 22 30

% OPACITY 79.2 79.7 85.2 . 91.2 - 92.2

: L - 78 79 84.6 . 89.5 92.6

77.5 82.1 83.2 90.7 92.8

79.6 81.1 85.8 89.8 91.4

79.9 81.4 86.1 91.1 92

: 78.6 81.8 86 90.2 91.1

78 83.5 84 88.9 92:6

80.9 81.4 84.2 90.5 92.4

78.5 83.7 85.5 89.8 92.5

77.8 83.2 85.1 92.9 91.1

' AVERAGE: - 78.8  81.7 85.0 90.5 92.1

STD DEV: 1.03 1.47  0.90 1.06 0.61
UNBLEACHED KRAFT

' PERCENT FINES: 0 7 15 22 30

 %OPACITY o - 95.5 - 92.2 - 92 92.3
' ' _ : 94.3 92.7 - 93.4 - 92.1
97 94.6 94.9 90.3

94.9 95.2 94.2 93.9

94.9 95.5 92.8 92

.95.2 95.5 93.9 93.5

94.4 92.9 92.9 96

.95.9 94.9 92.9 96.6

94.3 91.7 92.9 - 94.1

96.1 92.4 93.3 94.9

“AVERAGE: ' . 95.3. 93.8 93.3. 93.6

' STD DEV: - o 0.84 1.43  0.78 1.85




15% FINES:
-

.955
.954
.958
.958
.955
.956
.954
.955 -
.956 -
.951

[eNoNoNeoNeNolNeNoloNa

o

.955‘

22% FINES:
. Ri

.962
.962
.964
.963
.955
.962
961
.956
.951
.953

[eNeololNoNoNoloNoNoNe)

o

.959

.30% FINES:
Ri

0.954
0.961
0.944

0.95
0.956
0.95

10.963

0.966
0.96
0.955,

| 0.956

[cNeoNeoNoNoNoNeoNolNoNo]

.565
.588
.546
.601
.575
.564
.562
.584
.562

- O

.570

- Ro

0.533

0.583
0.56

- 0.562

0.57
0.584
0.583

0.54

0.59

0.6

0.571

Ro

0.537

0.486
0.551
0.531
0.512
-0.53
.536
.501
.544
.523

[cNeoNeNo)

o

PRRPRPRRPRREP R

.554

.525

.00106
.00211
.00092
.00092
.00106
.00101
.00111
.00106
.00101
.00126

e

.00105

.00075
.00075

.00071
.00106
.00075
.00079
00101
.00126
.00116

PRRPRRRPRRPRPPRPR

|

.00089

a

.00111
.00079
.00166
.00132
.00101
.00132
.00071
~1.0006
1.00083
1.00106

e

1.00104

.00067

coocooococooo -

o

.04606
.04711
.04292
.04292
.04606
.04501
.04711
.04606
.04501

[eNeoNeoNoNoNoNeoNoNoNo]

.04585

O

b

.03875
.03875
.03667
.03771
.04606
.03875
.03979
.04501
.05026
.04816

.04199

b

.04711
.03979
.05766
.05132
.04501
.05132
.03771
0.0346
0.04083
0.04606

[eNeoNoloNoNoNa]

0.04514

.05026

PR RPRRERER P

-

=

=

P e g g e

PRPRPPRPRRPPRPP.

.690
.622
.755
.594
.661

.698
.635

.677

<805

.650
.721

.714
.675
.647
.648
.770
.612

.588 .

.683

177
977 .

.713
.789
.867
.792
.797
.928
.765

.826

.823

.695 .

.701
117

RRPRRBRBERRPP P

PRRPRRPRRPRPRPE

PRPRPPRPRPRPRERP R

LN

.360
.438
.295

.393
.355
.353
.423
.349
.333

=

. 377

.474

sW

14

15.
15.
17.
15.

- 15.
14.
15.
14.
13.

15.

STD

LN
.248
.405

.336
=377
.409
.407
.280
.451
.481

-

.372

LN

.114
.336
.263
.196
.260
. 256

.285
.230

=

.236

.328 .

271

.149

16
18
18
17
14
18

17.
14.
14.
15.

16
STD

13
13
11
12

13,
112
16.
16.
15.
13.

13.

STD

.767
265
084
172

054
356
444
982
257

050
DEV

sW

.108

.132
.102
711
.942
.174
683
217
437
381

.489
DEV

sW

.523
.997
.586
.302
283
.272
650
604

737
352

120

931 -

S

264.
273.
270.

1307
271
269

237

269

68

61
38"
.80
.01
.83

257.

276.
268
.62

32
82
55

.76

16.5188

S
272.
306.
305.
.32
.53
.16
298.
240.
.00
.95

299
252
307

244
259

278.

24
44
93

85
27

67

26.2887

.S

233.
241,

199
212
229

286
271

240.

32
50

.89
.25
.18
211.
287.

74
27

.47
.52
230.

37

35

DEV 29.6984

GRAMMAGE

55.79
55.79
55.79
55.79
55.79
55.79
55.79
55.79
55.79
55.79

GRAMMAGE

59.17
59.17
59.17
"59.17 -
59.17
59.17
59.17
59.17
59.17
59.17

81

GRAMMAGE

57.96
57.96

57.96 -

57.96
57.96
57.96
57.96
57.96
57.96
57.96



82

APPENDIX X : SCATTERINGkCOEFFICIENTS_FOR UNBLEACHED KRAFT SHEETS

b

7% FINES
Ri Ro  a b x LN sW s  GRAMMAGE
0.373 0.343 1.52698 1.15398  1.087  3.172 - 1.375 23.76 57.86
0.379 0.354 1.50876 1.12976  1.071 3.378  1.495 25.84 57.86
0.335 0.318 1.66004 1.32504 1.053 3.648 1.377 23.79 57.86
0.342 ° 0.322 1.63299 1.29099 1.062  3.503 1.357 23.45 57.86
0.349 - 0.324 1.60716 1.25816 = 1.077 3.293 1.309 22.62 57.86
0.343  0.322 1.62923 1.28623 1.065 3.455 - 1.343 = 23.21  57.86
0.34 0.316 1.64059 1.30059 1.076 3.308 1.272 21.98 57.86
0.338 0.314 1.64829 1.31029 1.076  3.302 1.260 21.78 57.86
0.339  0.315 1.64443 1.30543 1.076 3.305 1.266 21.88  57.86
0.343 0.32°1.62923 1.28623 1.072 3.361 1.307 22.58 57.86
0.348  0.325 1.61277 1.26467 1.072  3.373 1.336  23.09
~ : STD DEV 1.16407
15% FINES:
"Ri-  Ro a b x - LN sW s  GRAMMAGE
0.387  0.357 1.48549 1.09849 1.084 3.211 1.461 . 25.35 57.66
0.382  0.358 1.4999 1.1179 1.067 3.429 1.533 26.60 57.66
0.371 0.351 1.53321 1.16221 1.057 3.586 1.543 26.76 57.66
0.374 0.356 1.5239 1.1499 1.051 3.703 1.610 27.92 57.66
0.357  0.341 1.57906 1.22206 1.047 3.776 1.545 - 26.79 57.66
0.378 0.361 1.51175 1.13375 1.047 3.772 1.664 28.85 57.66
0.382 0.355 1.4999 1.1179 1.076  3.307 1.479 25.65 57.66
0.375 0.356 1.52083 1.14583 1.053 3.650 1.593 27.62 - 57.66
'0.385 0.353 1.4912 1.1062 1.091  3.138 1.418  24.60 57.66
0.383  0.354 1.49698 1.11398 1.082 3.235 1.452 25.18  57.66
0 0.354 1.51422 1.13682 1.065 3.481  1.530  26.53

L3717

STD DEV 1.27873




i

22% FINES:

Ri.

0.373
0.379
0.335
0.342
0.349
0.343

0.34

cooo

.343

0.348

Ri

0.352
0.355
0.339

0.345 -

0.35

.338
.339

FINES:

Ro

©0.343

0.354
0.318
0.322
0.324

0322

0.316
0.314
0.315

0.32

0.325

‘Ro

©0.325

0.327
0.306
0.324
0.322
0.304
0.333

- 0.342

0.332
0.334

1 0.325

- a

1.52698

11.50876
1.66004
1.63299
1.60716
1.62923
1.64059
1.64829
1.64443

1.62923

1.61277

a

1.59645

1.58595

1.64443

1.62178
1.60357
1.70096
1.61442
1.58943
-1.59293

1.59645

1.61464

b

1.15398
1.12976

1.32504"

1.29099
1.25816
1.28623

1.30059

1.31029
1.30543

1.28623

1.26467

b

1.24445

1.23095
1.30543
1.27678
1.25357
1.37596
1.26742
1.23543

1.23993

1.24445

1.26744

1.087
1.071
1.053
1.062
1.077
1.065
1.076
1.076
1.076
1.072

1.072

1.083 "

1.086

1.108

.065
.087

.042
.035

PRRPRPRPRPRP

.054

-

.069

.069

.063

LN

3.172

3.378
3.648
3.503

3.293
3.455 °
3.308.

3.302

3.305
3.361

3.373

LN

3.222

3.193
2.973
3.461
3.178

.060

wWwikww

.641

.450

w

.400
.883 -

.485

. STD

sW

1.375
1.495
1.377
1.357
1.309
1.343
1.272
1.260
1.266

1.307

1.336
STD DEV

SW
1.294
1.297

1.139
1.355
1.268
1.235
1.532
1.643

1.405
1.463

1.363

s -

23.70
25.71
23.73
23.38
22.56
23.15
21.92

21.72
121.82

22.52

23.03

.16106

S

22.51

" 22.55

19.80

- 23.57

22.04
21.48

. 26.64

28.57
24.44

25.43

23.70

DEV 2.48168

GRAMMAGE

58.01

58.01
58.01
58.01
58.01
58.01.
58.01
58.01

58.01

58.01

GRAMMAGE

57.51
57.51
©57.51

57.51 -
- 57.51
57.51
57.51
'57.51
57.51

57.51

83



APPENDIX X: SCATTERING

0% FINES:

Ri

0:773

0.774
0.774
0.773
0.758

0.771

0.769
0.758
0.769
0.772

0.769

Ro

0.612
.0.604
0.6
'0.615
0.606
0.606
0.6
0.613
0.603
0.601

0.606

7% FINES:

Ri

0.75

0.742
0.747
0.743
0.742
0.743
0.734
0.742
0.742
0.744

0.743

"Ro

0.598
0.586
0.613
. 0.603
0.604

- 0.608

0.613
0.604
-0.614
0.619

0.606

15% FINES:

Ri

0.735
0.738

.725
127
.724
.738
.741
.729

OO0 O0O0OO0OO0 O

o

.734

.725

732

Ro

.626
.624
.611

.626
.623
0.62
0.624
0.623
0.623

[eNeNeoloNoNal

1 0.622

.622

a

1.03333
1.03299
1.03299
1.03333
1.03863
1.03401
1.0347
'1.03863
1.0347
1.03367

1.0347

a

1.04167
1.04485
1.04284
1.04445
'1.04485
1.04445
1.0482
1.04485
1.04485
1.04404

1.04451

a

1.04777
1.04651
1.0482
1.05216
1.05126
1.05261
1.04651
1.04526
1.05037
1.05216

1.04928

COEFFICIENTS FOR TMP SHEETS

0.26033
0.25899
0.25899
0.26033
0.28063
0.26301

0.2657
0.28063

0.2657
0.26167

- 0.2656

- b

0.29167
0.30285
0.29584
0.30145
0.30285
0.30145

0.3142
0.30285
0.30285
0.30004

0.30161

b

0.31277
0.30851

0.3142
0.32716
0.32426
0.32861

0.30851

0.30426
0.32137
0.32716

0.31768

1.263
1.281

1.290

1.257
1.251
1.272
1.282
1.237
1.275
1.285

1.269

1.254

- 1.266

1.219
1.232
1.228
1.222
1.197

1.228

1.208
1.202

1.226

LN

2.152
2.093

2.066 -

2.173

2.194

2.122
2.092

2.247

2.112

2.083

2.133

LN

2.182
2.142
2.317
2.263
2.278
2.303
2.410
2.278
2.360
2.389

2.292

LN

2.525
2.481
2.392
2.571
2.595

2.591

2.443
2.457
2.546
2.581

2.518

sW

4.133
4.040
3.989
4.174

3.910
4.034
3.937
4.003
3.975
3.980

4.017

STD DEV

sW.

3.741
3.536
3.917

3.754

3.760

3.820 .

3.835
3.760
3.897

3.981

3.800

STD DEV

sW

4.036

4.020 -

3.806
3.929
4.001
3.942
3.960
4.037
3.96%

3.945

3.964
STD DEV

84

s  GRAMMAGE

72.
- 70.
- 69.
73.
68.
70.
68.
70.
69.
69.

70.

32
69
80
03
41
58
88
04
55
65

29

1.3659

' 66.
62.
69.
66.
66.
67.

" 67
66.
68.
70.

- 67.

04

41
14

27

38
44

.69

38
79
28

08

.05889

70.
70.
66.
.62
69.
68.84
69.
70.
69.

68.

68

69.

48

21
48

88

15

51

18

90

22

1.1317

57.15
57.15
57.15
57.15
57.15
57.15
57.15
57.15
57.15

57.15

GRAMMAGE

56.65
. 56.65
56.65
56.65
56.65
56.65
56.65
56.65
56.65
56.65

GRAMMAGE

57.26
- 57.26
57.26
57.26
57.26
57.26
57.26
57.26
57.26
57.26




22% FINES:
| Ri RO
0.68  0.62
0.679 . 0.608
0.675 0.612
0.683 0.614
0.682  0.621
0.683 - 0.616
0.673 0.598
0.666  0.603
'0.665 - 0.597
0.66 0.613
0.675 0.610

30% FINES:

. Ri " Ro
0.644 0.594
0.663 0.614
0.649  0.602
0.649 0.593
0.648 0.596
0.654 0.596.
0.645  0.597
0641 = 0.592
0.642 0.594
0.649 0.591
0.648 0.597

- a

1.07529
1.07588
1.07824
1.07356
1.07414
1.07356
1.07944
1.08375
1.08438
1.08758

'1.07858

a

1.0984
1.08565
1.09492
1.09492
. 1.0956
1.09153
1.09769
1.10053
1.09982
1.09492

1.0954

0.39529
0.39688
0.40324

.39214
.39056
.40644
.41775
.41938
.42758

[eNeoNeNoNeoNoNo)

o

.40398

b -

0.4544
'0.42265
0.44592
0.44592

0.4476
0.43753
0.45269
0.45953
0.45782
- 0.44592

0.447

.39056

1.097

1.117
1.103
1.112
1.098
1.109

1.125

1.104
1.114
1.077

1.106

1.084
1.080
1.078
1.094
1.087
1.097
1.080
1.083
1.081
1.098

1.086

W WO WD N WN

LN

3.076
2.897
3.017
.934
.062
.965
.830
.003
.921

.000

LN

3.209
3.260
3.282
3.099
3.175

3.070

3.253
3.225

3.248

3.062

3.189

.299

- SW /.

3.890
3.650
3.741
3.756
. 3.904
3.795
3.482
3.594
13.482

3.858 .

3.715

STD DEV

sW

3.531
3.857
3.680
3.475
3.546
- 3.509
3.593
3.509
3.548
3.434

3.568

STD DEV 1.

"~ 85

s  GRAMMAGE

67.
62.
- 64.
64.
67.
65.
60.
62.
60.
66.

64.
.57627

5

60.
66.
63.
59.
61.
60.
61.
60.
61.
59.

61.

12
98
54

.80

35
48
07
01
08
56

10

82
43
38
85
08
44
89
44

.10
14

57.96
57.96
57.96
57.96
57.96
57.96
57.96
57.96
57.96
57.96

- GRAMMAGE

58.06
58.06
58.06
58.06
58.06
58.06
58.06
58.06
58.06
58.06

46
98249




‘APPENDIX XTI: BRIGHTNESS RAW DATA

BLEACHED KRAFT

PERCENT FINES: ~ . 0 7 15 - 22 30

% BRIGHTNESS ‘ 80.1 - 77.8 75.1 74.7 70

' 80.3 77.6 75.3  74.9 70.4

81 77.8 75.7 74.4 70.5

81.1 77 75.6 74.3 71.5

80.2 77 75.9 74.6 70.3

79.3 77.6 75.5 74 70.3

80.6 78.4 75.3 74.3 70.6

80 77.8 75.7 74.1 70.7

79.8 77.6 75.4 74.6 70.1

79.8 78.1 74.8 74.3 70

80 78.6 ~74.3 70.3

79.8 77.5 72.4 69.8

80.1 78.4 74.6 71

80.3 77.7 173 70.5

79.4 78 74.2 70.4

AVERAGE: - 80.1 77.8 75.4 74.2 70.4

'STD DEV: o 0.49 0.45 0.31 0.63 0.41
TMP

PERCENT FINES: 0 7 15 22 30

'% BRIGHTNESS ~ 46.5 46.5 47.9 . 43.7 40.2

; S 46.1 45.5 ~  48.1 44.7 42.4

45.8 46.1 46.9 44 41.4

46.7 46.2 47.1 44 41.3

46.1 46.5 417 43.9 41.1

46.2 46.9 47.4 44.5 42.1

45.2 45.8 47.2 44 41.5

46.5 46 .7 46.5 43 41.3

44.5 46.2 47.6 43 41.5

45.9 47.9 43.5 41.7

46.1 48 43.2 42.6

46 .6 47.6 43.2 41.5

46.8 47.6 43.5 42.8

45.17 47.17 43.4 42.2

'‘AVERAGE: . 46.0 46.3 47.5 43.7 - .- 41.7

STD DEV: o 0.66 0.42 0.45 0.51 0.66




Z}PPENDiX XITI: TENSILE INDEX RAW DATA

PERCENT FINES: 0 7 15 22 30
TENSILE STRENGTH, 5.05  5.30 6.40 5.80 - 6.50
kg/15mm’ ) , "~ 4.50  5.30 . 6.10 5.75 6.30
: ‘ - 4.50 5.80 4.50 5.00" 6.70
4.30 6.30 5.35 6.05 5.90
4.80 5.00 6.10 5.70 7.00
4.50 4.80 5.70° 5.10 5.50
4.10 5.85 5.30 5.40 6.20
4.50 5.60 6.30 5.80 6.65
4.60 5.10 5.20 5.40 6.25
4.30 5.10 5.50. 5.80 6.50
AVERAGE: 4.51 5.42  5.65  5.58 . 6.35
STD DEV: . 0.25 ~ 0.44  0.56 0.32 0.40
TMP
PERCENT FINES: 0 7 15 22 : 30
TENSILE STRENGTH, 0.31 0.52  0.72 "0.69 1.08
kg/15mm : . ©0.31 0.6 0.72 0.6 - 0.86
| 0.26 0.5 0.66 "~ 0.68 1
- 0.3 0.38 0.76 0.84 0.94
0.22 0.47 - 0.66 0.64 0.89
o . 0.36 0.5 0.74 0.79 0.97
e : , 0.35 0.54  0.76 0.82 0.81
' - ©0.24 0.5 0.68 0.82 0.92
1 0.31 0.52 0.66 0.8 0.94
0.33 0.52 0.68 . . 0.82 0.98
AVERAGE: 0.30 - 0.51 - 0.70 ~ 0.75  0.94
STD DEV: . 0.04 0.05 0.04 0.08 0

UNBLEACHED KRAFT

PERCENT FINES: 0o 7 15 22 30

TENSILE STRENGTH, ' - 4.80 4.80 5.50 4.90

kg/15mm . . 4.70 4.50 5.30 5.25

: ~ : ‘ 4.80 4.50 5.10 5.81
4.40 4.30 5.60 5.50
4.50 5.10 4.80 5.60
4.20 4.80 4.80 5.00
4.10 5.00 5.40 5.81
1 4.60 5.10 5.40 5.00
4.10 4.80 4.60 5.60
4.70 5.20 5.00 4.90

'AVERAGE: 4.49 4.81 5.15 . 5.34
0. 0.32 0.

'STD DEV:



APPENDIX XIII:

BLEACHED KRAFT

PERCENT FINES:

BURST INDEX RAW DATA -

88

BURST, psi.

AVERAGE:
'STD DEV:

\UNBLEACHED KRAFT

PERCENT FINES:

_ 35
39.25

41

38.875
2.28

43.8

2.54

45.5
40
43.5

44

43.55

-4.26 -

'BURST, psi

AVERAGE:
'STD DEV:

37

. 35.5

27
35
37.5
36.5
39.5

37.5
38 -

36.75

36.025
- 3.24



APPENDIX XIV: TEAR INDEX RAW DATA

BLEACHED KRAFT

PERCENT FINES: ' 0 7

ww
.

o

[\

[\

w
o
o O

5.82
5.36
5.27
5.45
5.63
5.55
5.36

5.73
5.45 -

5.55

WWWWLWWLWWWWWW

A WO OO B

w
18

B D
(SR
©

oN
X
: o

AVERAGE TEARING 4.8 3.8

FORCE, mN 4.4 3.6

4.4 3.8

4.2 4

4.2 3.6

4.6 3.5

4.4 3.7

4.4 3.8

4.6 3.4

4.5 3.6

AVERAGE: = 4.45 3.68

STD DEV: 0.17 0.17.
UNBLEACHED KRAFT

PERCENT FINES: . 0 7

'AVERAGE TEARING - .  5.36

FORCE, mN ' - 5.09

P ‘ . 5.27

5.09

: 5.09

5.27

5.18

5.36

5.18

5.18

AVERAGE: N ' 5.21

'STD DEV: - . 0.10

TMP

PERCENT FINES: 0. 7

AVERAGE TEARING 0.25 0.45

'FORCE, mN 0.25 0.45

' 0.25 - 0.45

0.25 . 0.55

0.25 0.55

AVERAGE: | 0.25 0.49

‘ 0.00 . 0.05

STD DEV:

[\
. Qe e .
QO WWLWO OO Wi

89




PPENDIX XV: VARIOUS‘EQUATIONS USED

ATER RETENTION VALUE:

WET WT. AFTER CENTRIFUGING - OVEN DRY WEIGHT

OVEN DRY WEIGHT

ENSITY:
o GRAMMAGE g/m 2 X 0.0001
DENSITY ~g/cm” 3 = mmmmm e

CALIPER, mils x (0. 001 X 2.54)

'ENSILE INDEX: ‘

‘ o - TENSILE STRENGTH, KN/m

i TENSILE INDEX, Nm/g = —————————m—— oo
; ‘ ‘ '  GRAMMAGE, g/m"2 .

'URST INDEX:
| , BURST STRENGTH, kPa
. BURST INDEX, KPa-m "2/g = —mmmmmmm

GRAMMAGE, g/m 2

EAR "INDEX: RS | o
N | 9.807 X FORCE TO TEAR SINGLE SHEET, g

GRAMMAGE, g/m”~2

TEAR INDEX, mN-m~2/g =

90
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