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ABSTRACT

Certain variables affecting the Canadian Standard Freeness
Test were investigated. Variables investigated included the
zeta potential, pH, chemical type, and concentration. Chem-
icals used were NaCl, CaCl , Al1Cl , and SnClu- S5H O on the acid
side. Chemicals used on tie alka%ine side includid KC1, K SOu.
and K2HP04. pH values were 4.5:%.5.6.5.7f§5805. and ?35. :
Concentrations used were 1 X 10 M, 3 X 10 M, 5X 10 M,

-3 -3 -2 =2 -2
7X 10 M, 9Xx10 M, 1.1 X 10 M, 1.3 X 10 M, and 1.5 X 10 M.
Zeta potential was measured using a laser ieeTM Meter,
Quantitative interpretation of tﬁe Schulze-Hardy rule waé
attempted but failed. Freeness was found to decrease as zeta
potential increased or decreased and was maximized as 2P -
closed in on a value of zero. Freeness was found to be affected
most greatly by concentration-chemical type and chemical type-
pH interaction. A statistical analysis was prepared to determine

this interaction with the help of the W.M.U. Stat Iab,
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The standard freeness test as outlined in TAPPI Standard
T227 os-58 is one of the oldest and yet universal tests in
the industry. Originally this test was used to control the
manufacture of groundwood pulp.1 Today this test is used on
.virtually all pulps as a measure of the drainage of water
through pulp. W®With this in mind an earlier paper, presented
by this author, outlined an preliminary experiment which
various variables and their effect on the freeness was to be
measured. This paper is a combination of the former with
experimental data and conclusions now included. Variables
examined include the pH, zeta potential, and various simple
electrolytes at different concentrations. Chemicals used on

the acid side included NaCl, CaClZ. AlC1 and SnCIA’SHZD.

3'
Chemicals used on the alkaline side included KC1, KZSD&'
and KZHPDa. pH was controlled with standard grade HC1l and

NaOH. The main objective of this experiment was to find what
relationships between these variables and the freeness could
be established. A majority of this work involved a statis-
tical analysis. A secondary objective involved trying to
show the relationships covered in the Schulze-Hardy rule

involving flocculation.
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Cellulose when dispersed in water, to form a stable

suspension, gencrally has a net negative charge.2 This
electrical charge, on the surface exposed to water, is

caused by ionization of polar groups, adsorption of ions

1

from the surrounding medium (hydroxyl or hydrogen ions from
X
water included), and pargal solution of the crystal lattice.3

-

¢ It has also been found that maximum drainage, thus highest
freeness value, is achieved when this charge is minimized,
This charge, for a negative pulp, is also found to decrease
when an increasing amount of an electrolyte is added.4
Therefore as this charge is minimized the phenomena of
flocculation takes place.(flocculation meaning "to form
a floccule like a tuft of wool or loosely fibrous structure”
as compared to coagulation which in essence means "to drive
together"S). This flocculation is a direct function of the
interactions between fibers. This may be regarded as a
process of fiber entarmglement in which the fiber length,
flexibility, and concentration determine the geometry of
entanglement and surface roughness, friction and fiber

colloidal properties determine the effectiveness of these

interfiber contacts and thus directly effect drainage.

(3)



This flocculation involves bonding of fines and long fibers
together in large aggragates with relatively large spaces
between fibers through which water can drain easily. Hence
maximum drainage is reached at the point of flocculation and
this "maximium" flocculation is reached when the "particles"
have their maximum ;FFinity for each other and this occurs
'when their charge is minimized. This flocculation, when
charge is minimized, is again accompanied by the maximum
drainage, though this maximum drainage may occur at a

slightly positive charge, which is believed to be caused

by additional adsorption of the electrolyte on the cellulose.2
The importance of maximum freeness being attained at a charge
neutralization is further backed up by studies which shouw
maximum freeness, with no electrolytes in solution, is
obtained at the isoelectric point of the pulp (isoelectric
point is the pH at which minimum ionization exists).g

The charge referred to zbove is commonly known as zeta potential,
which is sometimes confusing to understand. This zeta potential
may be defined as electrical potential difference hetween
solution far from solid-liquid interface and between solution
and the stagnant layer surrounding the dispersed solid.6

In layman's terms this definition means zeta potential

is the measure of the electric potential (electrokinetic

potential ) which occurs at the solid-ligquid interface.

(4)



The following statements have better application if examined
closer. 1In essence they state that by meximizing drainane,
and correspondingly minimizing zéeta potential, this can
reduce water removal in the press section because the sheet
is more highly compressed at the couch roll and is there-

after less porous and harder .to dry; by maximizing water
;emoval on the wire lé;s water has to removed in the presses
thus saving money.

Before proceeding the author again points out for the
reader, as stated earlier, that this paper is entitled
"Variables Affecting the Drainage Test," and little has
been said of this test. It must be remembered that maximum
drainage is reached at a zeta potential approximately
equal to zero. Also at zeta potential equal to zero
flocculation occurs thus both these principles, zeta potential
and flocculation, must be investigated somewhat as they are
very important in drainage and warrant some mention,.

With this in mind the theory of flocculation is further
discussed. Flocculation, as mentioned, occurs when zeta
potential is minimized. In this study it will be assumed
that zeta potential will be minimized by using simple
electrolytes. Today, the theory of flocculation is believed

to involve the diffuse double layer which was first proposed

by Verwey and Dverbeek.10 More commonly this theory has

(5)



become known as the OLVO Theory for flocculation ( called
this after the men who first formulated the 2iffuse Double
Layer Theory, Oerjaquin, Landasu, Verwey, and Uverbeek).
This theory is unique in that it varies from the older
Helmholtz Double Laygr Theory. In the Helmholtz Theory,

the particle, namely the negatively charged cellulose is

’ ~

surrounded by cations in a monolayer causing charge neut-

13

ralization and finally flocculation. The DLVO Theory

varies from this idea and is now the accepted theory believed

to describe Flocculation.11

In the Helmholtz Theory it

was formulated that electrostatic forces acted alone causing
flocculation, If these electrostatic forces acted alone the
solid, negatively charged cellulose, would have cations from
the solution att;actgd to the solid surface in an amount
equivalent to its charge and would form on the solid a film
of cations similar in structure and thickness to one row

of ions in a crystal lattice. This is where this theory
(Helmholtz) fails; this is because the electrostatic forces
which tend to produce concentration changes in solution are
opposed by osmotic forces which tend to equalize the con-
centration of every ion everyuwhere in the solution., Therefore
as a result of these rival forces a diffuse double layer

is produced. In this double layer theory the concentration

of cations is high next to the interface forming a fixed layer.

(6)



The concentration of cations next to the interface is high

but not so high as to neutralize the whole charge on the

solid and the remainder of the cation amount required for
neutralization is extended in solution somewhat at a distance
from the interface. The concentration of anions adjacent

.to the interface is small, but not zero, and gradually

increases as distance from interface becomes greater.

As this happens charge is neutralized and flocculation takes
place. The thickness of this diffuse layer appears to be

of colloidal dimensions. In very diluted electrolytic solutions

5 to 10’4 cm. in thickness.10

the diffuse layer may be 10~
This double layer is therefore a result of unequal dis-
tritution of posiﬁive and negative ions between both phases,
The beauty of this OLVD theory is that it gives quant-

itative formulation of the Schulze-Hardy rule.11

The
Schulze- Hardy rule is a rule governing flocculation for
mono-, di-, and trivalent ions; basically it relates critical
concentration needed for flocculation. The Schulze-Hardy
rule , as follows, is c1=c2:c3:1/16:1/26:1/36 where Cy
is concentration of monovalent ion needed for flocculation in
ratio with concentration of divalent and then trivalent which
would be needed to cause flocculation also. For example

if 100 milimoles of a monovalent salt were needed for ce-

agulationn the corresponding amount of divalent and trivalent-

(7)



salts needed for flocculation would be 1.56 milimoles and
.14 milimoles respectively. The Schulze-Hardy rule further
shows that the flocculation power of electrolytes is shown
to depend on the electric potential of the surface of the
co}loidal particle, on the charge of the counterions, and
the magnitude of the Van der Waals attractive forces. In

a nutshell it will take more of a monovalent ion tec flocculate
a material than divalent and accordingly it woclld take

more of a divalent salt to flocculate than trivalent,

In dealing with nonionics I will just say they are adsorbed
through steric hinderance and are bad for flocculation
preventing adsorption of ionics. A monomolecular layer

of non-ionic surfactant would be adsorbed in preference

to an 'ionic; dispersion would be stable but flocculation

impossible.12

(8)



The discussion of experimental interaction between variables,
data, and conclusions remain as the bulk of this paper.
One hundred and sixty eight freeness tests were run along
with the same amount of zeta potential tests. At this
point I again point éut the freeness was run using the method
outlined in TAPPI Standard T227 0s-58. Zeta potential was
measured using the Laser Zee MEterTm at Brown Paper Company.
Zeta Potential was measured according to the method de-

scribed in the 500 Laser Z2ee meterTm Handbook.23

This
method is known as micrcelectrophoesis.23 The zeta potential
read was in millivolts. The experimental variables and

reasons for use are outlined on the following pages.

(9)



pH of the experiment was controlled and freeness
measured at pH values of 4.5, 5.5, 6.5, 7.5, 8.5, and 9.5,
The reason for this is that zeta potential changes over a
pH range; showing fibers are strongly negative at a high
pH and zero at a pH of approximately 2.0 which is commonly
;eFerred to as the isoelectric point.g The reason a paper
machine can not be run at this pH is because of the corrosive
action on the machinery. Originally the reason for this was
to attempt to show that with increasing pH, on:the acid
side, increasing amounts of salt woild be needed to cause floc-
culation and accordingly maximum drainage. It is theorized
and will be attempted to be shown as pH is further increased,
on the alkaline side, that the slurry will remain dispersed

18 This affect should become more

and freeness will drop.
pronounced as increasing amounts of salts are added on the

alkaline side increasing the negative charge.

(10)



Originally the same type of pulp with two different
amounts of beating were to be investigated for a cimilar
reason as pH is controlled. Time problems caused this
experiment to include only one amount of refining. A passing
Femark, though, concerning the reason two amounts of refining
origineally were to be investigated is included to show why
the author planned this approach. The reason beating would
have been changed is twofold. First, with less refining
lignin is less degraded. This causes the zeta potential to
be more negative because higher lignin content pulps give
a more negative zeta potential because of the presence of
fatty and resin acids which cause the lignin to function
as a anionic surface active agent.19 The other effect,
which is the more dominant of the two, is that with increased
refining more surface area is exposed therefore thus in-
creasing carboxyl and hydroxyl groups ionizable thusly
making zeta potential more negative. This increased refining
also increases what is commonly known as the cationic demand
plateau.18 Increasing this cationic demand actually means

more cationic material is needed to tause flocculation,

(11)



Four different salts were investigated on the acid side
while three different salts were investigated on the alkaline
side. The salts on the acid side were..NaCl, CaClz, A1C13,
and SnCla -SHZO. In .the original paper ThCla was to be used
but radioactive properties of this chemical caused changing
to SnCla vSHZU. CaCD3 was also replaced because problems
concerning synthetic and natural types wanted to be avoided.20
Al(NO3)3 was replaced because of greater availability of AlCl,.

Salts on the alkaline side included KC1l, K SUd, and K,HPO, .

2 2 4
Referring back to the original paper, again, on the acid side
the effect of the cation was thought to be most pronounced.

By observation it is noticable that I have chosen a mono-, di-;
tri-, and guadvalent series of cations, The original purpose
in this was twofold. First, the application of the Schulze-
Hardy rule was investigated, but failed for reasons described
in the conclusion, Secondly, the more positive the cation

the more pronounced effect appeared on the zeta potential.

As already stated as pH rises the cationic material will
increase in amount needed to cause flocculztion because charge
on the cellulose becomes more negative; also at higher pH

values cations that are greater in charge than the mono-

valent type form unique complexes which also call for a

(12)



greater concentration to give the same actual positive
20,21,22 & ++4
charge., For example, the Al ion acts as a tri-
+++
valent ion at low pH values but as pH increases the Al
forms complexes with negative ions in solution thus decreasing
++
the positive charge. A similar effect holds for the Ca and

Sr’1++++ ions. Not much has been written concerning high pH
values and the effeet that salts have but it is believed the
anion is the dominant species. With this in mind, it was
initially decided, with greater concentrations of salts being
added on the alkaline side the charge would become more
negative and material would remain dispersed and drain slower.,
As noticed anions used again are of the mono-, di-, and tri-
valent types. Ions chosen were also chosen, as best could,

to differ from ions present in the acid and base which controlled

pH in an attempt to lower this interaction.,

(13)



Concentration values differed over a wide range in
an attempt to show the affect on freeness and prove the
Schulze-Hardy rule. Originally , values of concentration were
to be ranged from 1X IO-BM to 2X lo-lﬂ (estimated in original
paper). Much thougﬁt and further reading was done in an
attempt to decide the concentration range. Conclusions show
the final concentration range chosen was too narrow to show
application of the Schulze-Hardy rule., It must be stated
though, as calculations show, some of the concentrations
needed (to prove Schulze-Hardy rule) were very low; an attempt
to reach these would have been quantitatively very difficult.
This error that followed just shows a greater concentration
range should have been set-up, regardless of difficulty.
This error lies in the fact that many concentration values
_ 10,26,27,4
have been shown in the literature, The effect
of varying concentrations had on freeness has already been

discussed somewhat and is known to affect total charge on

the slurry.

(14)



Data was collected in an attempt to prove and show
various relations. The Schulze-Hardy rule was attempted to
be proven but did not succeed. A statistical analysis was
also run to find which variable had the greatest effect on
the freeness. The ;tatistical analysis was run excluding zeta
potential., This was done because zeta potential was not a
variable that was controlled, but was the resultant of a
combination of other variables. The statistical analysis was
also broken into two sections, one for the acid side and one
for the basic side. With these limitations a typical three-
way analysis of variance program was run and conclusions made.zu
The variables studied were then chemical type, concentration,
and pH. The statistical analysis is a simplified program and
again time was a very detremental factor. I worked closely
with a Stat Lab group in attempting to break this problem
down. The people I worked with designed a incorrect model
for analysis which complicated things greatly. With the
closing of the semester close only a brief analysis was

possible and basic decisions made.

(15)



In closing the limitations of the freeness test must
be realized and considered. Throughout the experiment

procedure must remain the same. Water temperature must
.remain constant and particular care must be taken in caring
for the freeness tester as any small changes in the tester
can cause variations in freeness readings.1 Pulp agitation
must remain the same prior to testing as turbulence can

effect bonding and thus Freeness.1a

This lies in the fact
that with added agitation great competetion takes place for
bonding sights on the cellulose. This process, for example,
of added agitation creates a hydrodyrnamic shear which
disrupts the established networks. With this in mind
agitation , after refining, will be kept constant at all times.
At this point the author would like to say something of the
validity of this experiment. It must be remembered that this
thesis is a study of the variables affecting the freeness
test and only that. No relation between actual paper machine
operation and this test are mentioned except for a passing
remark earlier in this paper concerning saving money

]
by added drainage. Concerning the freeness test much has been

written on it and the validity of it has been argued extensively.15'10

(16)



For experimental purposes deionized water will be used

and again the validity of using deionized water has been
argued; but one must remember here that the only reason it
will be used is to decrease the variables affecting the zeta
potential on the celiulose initially; One author in partic-
ular16 has argued eitensively that other properties should

'be used to evaluate a pulp such as weighted fiber length,
coarsness, intrinsic fiber length, compactidbility when

wet, and cohesiveness. The freeness test is a static test
measuring drainage while in actuality this is a dynamic
‘process so application to actual operation has been guestioned
greatly. With all these shortcomings it remains that freeness
is still used extensively in the mill as a way of char-
acterizing pulps. It remains a fast test as these other
tests, including the measure of zeta potential, take longer
and thus are unsuitable for mill use other than in a lab.
Another method used in calculating pulp characteristics

could be the calculation of Drainage Time which is calculated
)2'1?

by using the eguation, 28.78-.181Csf+.00327(Csf

DT(seconds):
The author, though, mzkes no comment on the usefulness of
calculating drainage time as only one reference was found
in an extensive search of literature in which this equation

was used. Ffinally, one last thing must be said concerning .

freeness., People often characterize freeness as being a

(17)



measure of beating. This idea is incorrect and should be
avoided. This lies in the idea that while with increased
beating surface area of the pulp is increased but as shown

in this paper drainage of pulp is affected by many variables,

not just beating.

(18)



A majority of this design was attributed to the statis-
tical set-up., pH values varied from 4.5 to 9.5 with in-
crements of one (six total). Concentration values were

-3 -3 -3 - =3 =3
1Xx10 M 3X10 M, 5X10 M, 7X 10 M, 9X 10 I,
1.1 X IO-ZE, 1.3 X IO-ZM, and 1.5 X 10-22. Chemicals used on
the acid side were NaCl, Cac12. A1013. and SnClu .5H20.
Materials used on the alkaline side were XCl, X SO and
X HPO « pH was adjusted with standard 1N HC1 aid ;aOH.
SZiOJEZed-wajen;wasiuscd in all samples.to minimize the. effect
of ions in the water, Pulp slurries were made according to
the basic method using a soft wood pulp (pulp dispersed in
deionized water also).25

The data recorded , in this paper, are only the final
corrected values. All corrections were initially made
in a separete workbook and recorded. Temperatures used in
corrections were read utilizing the thermistor on the laser
Zee giving a very accurate temperature reading., A static zeta
potential was read and subtracted from the dynamic zeta
potential reading to sive the measured zeta potential (ZP ).
This measured zeta paotential was then corrected for temerature
by using the equation: ZP =ZP (1-.02t) where ZP 1is the

c m c
corrected zeta potential and t is the temperature output

(19)



read upon depressing the temperature button,

A final say on the method of addition, which remained
constant, seems appropriate. The method of addition was fiber
dispersion, pH adjustment, salt addition, and final pH
adjustment, if needed. The reason for this was to give the

same conditions for complex formation stated earlier,

(20)



1, Weigh out appropriate chemical at desired concentration
for dispersion in 1100 ml. of deionized water and pulp scln.
25
2. Get correct amount of stock soln. (according to standard)
to have a 3% final Adispersion
3+ Dilute stock sample tc 1000 ml, with deionized water
4, Adjust pH
5. Add and mix chemical into the slurry
6. Re-adjust pH

7. Dilute sample to 1100 ml, with deionized water (#2 corrected
for 1100 ml., in original calculation)

8 Remove 100 ml, sample for ZP

9. Screen 100 ml. sample through 100 mesh screen
10, Run Csf on remaining 1000 ml. sample

11, Make handsheet

12, Go through Laser Zee set-up (Automatic Transfer Module
procedure)

13, Measure temperature of sample (100ml,)
14, Stop particles and read ZP
Static
15, Depress H.V. button and read ZP
dynamic
16, Dry handsheet and correct Csf for weight and temperature
17, Record corrected Csf

13, Cecrrect 2P and record

(21)
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Conclusions made about zeta potential are based on
Figure 18 and the Data sets. By observation of Figure 18 it
is safe to say it generally appears that the zeta potential
decreases as the pH increases. The ZP calculated @ pH=U4.5
may be incorrect as.some time was needzggfor the observer to
get acquainted with the correct technique for reading zeta
potential, Assuming this is true the hypothesis stated earlier
in this paper is proven.

A closer examination of individuval pK data is also
interesting (data set). At a pH of 4.5 the maximum freeness
value for NacCl, CaClZ. and SnClu' 5H20 is reached at the
minimum zeta potential which again correlates with assumptions
made earlier in this paper. The maximum freeness for the A1lCl
is reached at a slightly positive charge which also may be )
attributed to the idea on page four of this paper and discussed
in 1iterature.2

At a pH of 5.5 things are not as nice but values for
NaCl and A1Cl1 may be described by the cationic demand plateau
described ear%ier. As for the CaCl2 and SnClu~ 5H20 complexes
may be forming and thus have some effect,

The values at a pH of 6.5 seem "good" and maximum

freeness values are found mainly at the minimum zeta potential
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but'again complex formation and adding adsorption of the
cation may have some effect,

Similar results are noticable on the alkaline side
and actually adhere to the proposed theory better., It
can safely be said that the maximum freeness values are,

for the most part, found at the minimum zeta potential.,

.
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The attempt to prove the Schulze-Hardy rule completely
failed, This mainly lies in the fact that the concentration
range was not big enough., Much reading was done before deciding
on the concentration range and the thought that I may not
reach the desired r;nge was very apparent to me. What was
done is that maximum freeness values for the monovalent
cations were placed in the correct equation and values for the
corresponding di- and tri- valent cations calculated for the
acid side pH values. Though this rule was not shown some
interesting points still do arise., At a pH of 4,5 the max-
imum freeness values for both CaCl2 and A1C1 are at the
smallest concentration, thus showing that it might be theorized
that upon further lowering these concentrations freeness values
may still rise giving further information that this rule may
have been proven. At a pH of 5.5 the same assumptions may be
considered with the trivalent cation differing and this may
lie in the fact that a A1+++ complex may have formed., At
a pH of 6.5 all of these previous statements seem to fail
but again I can only state the idea that complexes may be

forming.
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Acid side conclusions follow closely to ideas discussed

earlier in this paper. In first looking at the data output

it is noticed that when comparing average freeness values for
each pH that a pH of 5.5 has the maximum average followed by

a pH of 4,5 and then 6.5. I seriously believe this does show
.that as pH values do stray farther and farther from acid values
the zeta potential becomes more negative thus causing less
flocculation as as pH increases, therefore lowering freeness.
The reason the pH of 4,5 value differs may again be attributed
to the thought that these were my first freeness tests performed.
The zeta potential values at this pH may also be in error

for the same reason. This may be further substantiated by
observing these first few zeta potentials, at this pH.

These are very negative and for the whole acid side no values
are lower than these and they are also completely against

what literature has stated and therefore may be in error,

Observing freeness values averaged over concentration

ranges inferences concerning the Schulze-Hardy rule seem most
applicable. As stated earlier my concentration values did

not go low enough to give quanitative information concerning
this rule. Maximum freeness is observed at a average con-

centration of 1 X 10 M and this further backs up my idea
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that these values relate to the idea that this low concen-
tration is as close as the di- and trivalent cations could
get to the optimum value stated by the Schulze-Hardy rule.

No real relations can be said concerning Csf vs concen-
tration in Figures 1, 2, and 3 as these plots seem fairly
linear., Figure 4, though, shows that as concentration is
increased Csf drops. I believe this idea can be attributed
to an idea similar as the one stated in the previous paragraph.
As more chemical is added apoint is reached at where ions in
solution have a detremenfal effect by affecting the zeta
potenfial. At low concentrations the zeta potential for the
SnCl * 5H 0 are lower and become more positive with greater
addition,ztherefore again showing this Csf-zeta potential
interaction described earlier.,

For simplicity Figure 5 is illustrative of how the Csf
vs pH curves would look, By examination cf data this rela-
tionship seems quite linear, Figure 5A backs this up for the
most part with the exception of the SnClu' 5H20 » Wwhich has
a wide freeness variation which is believed to be caused by
the idea described above,

Figures 6A-8B sort of capsule what I have been trying to
state; as chemical type moves from monovalent to quadvalent

Csf values seem to drop. I bhelieve this is directly resultant

from the idea that these values differ farther from the
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"Schulze-Hardy rule" idea stated above. This is further

backed up by the averages shown on each of these Figures;

the higher averages, for the most part, belong to the lower

concentrations,
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Basic side conclusions seem to agree readily with pre-
vious assumptions, Csf averaged over pH ranges have a
maximum value at a pH of 7.5 followed by pH of 8.5 and
finally 9.5. This follows with the idea that as pH is increased
the solution develoés a greater negative charge and con-
currently a lower freeness.

Observing freeness values averaged over concentration
ranges it seems as though freeness values decrease as con-
centration increases., This is believed to result in the idea
as concentration increases anionic material increases,
thusly affecting zeta potential and freeness'in a way that
zeta potential decreases therefore decreasing freeness.

Figures 10,11, and 12 seem to show not much of a re-
lationship between Csf and concentration., Further invest-
igation shows, though, that as pH increases zeta potential
drops thus substantiating the idea that as pH increases
zeta potential decreases and so does freeness.,

As in the examination of the acid side Figure 13 is
representative of the Tsf vs pH relations for all the chem-

icals. It aprears that as pH increases Csf decreases and

again I relate this to the idea that zeta potential is also
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decreasing. Upon examination of Figure 13A the freeness ranges
for KC1l and. X SO4 seem narrow while K HPOu has a wider range.
I believe thig lies in the fact that is concentration is
increased so is anionic material, again effecting zeta potential
and therefore freeness as stated earlier.

Figures 14A-168 show a relationship very similar to
that shown on the acid side_and believe this is again caused
by the fact that the monovalent anion affects freeness to a

lesser extent than the di- and trivalent and also, of course,

hag a lesser effect on zeta potential,
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Basic comparisons between the acid-base data just
reinforces the ideas I have already stated. The average
acid freeness exceeds the basic and as concentration increases
freeness decreases, thus further showing the effect that

zeta potential has on freeness.
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The statistical outputs on Figures 9&%17 are for the Acid
and Basic data respectively.

By first observing the acid data it is shown that inter-
action between concentration-chemical type and chemical
type-pH have the gréatest effect on the freeness; while
concentration-pH effects have little effect., Basically the
Csf is not affected the greatest by the concentration, chemical,
or pH but by a combination of these variables. If time had
permitted further testing and conclusions would have been
made.,

The basic side data shows the same conclusions seen
on the acid side. Again time stalled further testing.

With the analysis at my disposal all that can be said is that
the Canadian Standard Freeness Test is affected mostly

by concentration-chemical type and chemical type-pH inter-
action. The combination of these variables affect the test

the mogt not the individual variables,
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In closing I have tried to stress the importance of zeta
potential on freeness. This property has a great effect
on the freeness and it appears as zeta potential decreases
so does freeness., ;t also appears that zeta potential
also affects the pH and thus as pH becomes greater, zeta
potential decreases thus affecting freeness detrementally.
The freeness test also seemed to be affected on the most
part by a combination of concentration-chemical type and
chemical type-pH interaction not by individual variables.
This experiment is a scaled down version of the one
outlined in an earlier paper. The main downfall was time,
I believe, first, I planned on doing too much originally.
Secondly, I had alot of trouble locating an instrument to
measure zeta potential, By the time I started I could not
complete all of the experimenting I originally planned.
Problems of time also showed in the statistical analysis as
more time would have been needed to carry out amore complete

‘analysis.
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The only recommendations I make are to eliminate
the problems that befell me. Closer interaction must
be stressed , between all persons involved, to get
equipment ready for use, I believe the Stat 1ab holds a
good future for anaiyzing thesis problems but, again, inter-
action between experimenter and statisticians must be strong.,
I ran into many problems with this and believe design of
the experiment, for statistical purposes, must be worked
at closely with the students and advisors. Any complications
arising, or not understanding of what is being asked should
be brought to an advisor's attention immediately. I was not
aware of Stat Iab procedure and deadlines and believe this
hurt in the long run., Basically, I am saying Faculty-Student

interaction must remain throughout the entire scope of

a project such as this,
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At this point I would like to offer my gratitude to
various people in which this paper could not be completed
without their help. I wish to offer my sincere thanks to
Mr. Bob Nitz, Mr. Al larson, Mr,., Howard Hunter, Mr., Omi
Sharma, and Brovn Péper Company for letting me use equipment
and supplies pertinent to this experiment and also for '
acquainting me with the operation of this equipment,

I would also like to offer gratitude ot Dr. Gerald
Sievers for help on the statistical analysis and gathering
of data,

In closing I would like to thank Dr. Raymond Jaynes,
Dr. Stephen Kukolich, and Ilr. John Fisher for helping me
throughout my stay at W.il.U. A final thanks goes to Dr,
Richard Valley, for assistance on the design of this ex-
periment, and The Western Michigan University Paper Tech-
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