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ABSTRACT

Stock of 50:50 bleachad Keaft softwood and hardwsod run through the Valley
beatsr at 350 CSF with hieh fines content (25-30% fines from softwood and
hardwood fractions run through a Wiley mill) was prepared and tested for fines
fractionation, fines retention, and system surface charge at 10, 25, 40, and
55°C using a Dow Chemical cationic polymer of 1,000,000 molecular weight:
SEPARAR CP~-7. The Britt Dvnamic Drainage Jar wés used for fines fractionation
and retention data and Halabisky®s Colloid Titration Technique for surface
charga data. Cationic polymer loadings were taken at 0.25; 0.50, and OQ?SI
pounds of polymer per ton of paver produced (pulp present), Rotor or agita-
tion speed for retention deterrinations was held constant at 1000 rpm. Surface
charge reagents were not diluted (5X) as sugzested by Halabisky.

Fires fractionation decreased on rising temperature to show inerecased finss
to fiber attraction. An increase in SEPARAN CP-7 loading increased fines
retention thoush instabilities existed btelow room tempsratura. The optimum
retention temperature was arcund 40°C then fell off from there while there
was no point of diminishingz #eturns on retention with loading. DBecause of
strong polymer-temperature interactlions, many unexpected charge decrsases ard
charge inversions apreared uvon cationic loading irereases though data error
was very high., Extensive temperature range; pl: polymer molecular weight,
comblination, and charge nature; stock alteration; filler; ard agitation effects
were sugrestad as important parameters to research in terms of temparature

affects on fine and filler retention ard surface charee,
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INTRODUCTION

The develooment of retention and drainage aids began in the 1950's with
low molecular weight cationies and soon moved to solid anionics and emulsion,
high molecular weizht anionics arnd cationics. Their use has been specified
for coagulation or charge nentralization between fines, fibsr, and filler
varticles and for flocculation or fiher mechanies in terms of pslymer brid.
ginz. Some common aids are alum, sodium aluminum, and polycationics, which
produce floes of the "sof't" (reformable) or "hard" (unreformable from shear)
classification(zg). In this pbroject, a 1,000,000 molecular weight cationie poly-
mer, SEPARAN CP-7, will be used on a 50:50 Kraft softwood and hardwood pulp
mixture at various temperatures to see any predictable effect on fines reter-
tion using the Britt Dvramic Drainage Jar-(é) and on suspended partiele potential
using Halabisky's Colloid Titration Technique” (18).

Retention aids, in general, are able to produce some of the following
benefits deverding on the precess and type of paper made: 1)increased vro-
duction, 2)reduced sewer charge, 3)increased water reuse, 4)reduced stear,
5)increased felt-life, 6)increased sizing efficiency, 7)reduced wet-end de-
posits, 8)improved orofile, 9)improved runnability, 10)fewer rejects, 11)bet-
ter coatine coverage, 12)reduced BOD, 13)raduced additive costs, 14)reduced
saveall loadings, 15)allows furnish substituticns, 16)less refining, 17)saves
dve, 18)reduced breaks, and 19)improved filler retention (32). One-pass re.
tention reeds zood opacity and eives reduced titanium dioxide, speed, steam,
downtime, additives, and fiber losses. Screening tests used are the Statie
Retention LCrainaze Test, the Britt Jar Dy-amic Test, and the Charee Tlemand
Peterrination,

. FINES RETENTICX

Han (21) found that the distribution of fines in a relatively thin mat
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showad decreasinz bound particle concentration through the mat, but that the
bottom part of the thick mats showed nearly constant particle retention. De.
viation was attributed to particle saturation at fiber surfaces due te 5 dy-
namic balance of the forces of attraction and repulsion or disruption. He
defined fines as fragmentary materials incidertally produced by mechanical and
chemical treatments and are difficult in dealing with bacause of wide ranges

of sizes and shapes. There are three aspects of fines retention that are func-
tions of the distance of separation of particles. The first is the hydrodyna-
miec aspect concerned with the motions of the partielas, their collisions with
one another, and their intercevtion by fibers. Large particles will ae® much
like fibers that are retained by deposition at the sheet face, medium-size ones
plug pores, and small ones move freely with the fluid and are trapped by fibers.
the colloidal aspect is next where fines from fibers are charped to keep away
from each other and fibers on collision, then the refined fibers have a finse
network of fibrils which are able to trap in fines, Additives and contaminants
are then adsorbed onte the surface of hydrophoblce particles. The molecular
aspect dictates that two particles in close proximity and in absence of repul.
sive forces will attract each other duz to Van der Waals.london forces. Han
(21) also found that the distribution of fines in a fiber mat formed by filtra-
tion is K = Af/Vf(l -¢)E, where & = porosity, Ap = projected fiber area, and

Vf = fiber volume. From this an attenuation cosfficient K was determined and
used to define a collection efficiency E, which has the physical meaning of the
fraction of varticles collected by the fibers from the total free particles in
the fluid stream approaching the cross-sectional area of the fibers (gg.gﬁ),

As an example, the effect of tempsrature on drainage of a heavy board made from
a proundwocd furnish on a svecial cylinde=r machine could not be reliably pre-

dicted by the change of viscosity alone. The retention of fines would inecrease
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with increasing temperature; thus, offsetting a part of the gain in drainage
due to lower viscosity (21).

With zmall varticles in slow flow, retention in a permeation process is
controlled by Brownian motion or diffusion. Ratention here depends on the
particle, fiber, and fluid propsrties, the flow pattern in the porous structure,
and the jonie conditions in the suspension (20). From this Johnson (23) found
with uss of titanium dioxide that collection of small particles by diffusion
increases with decreasinz fluid velocity because the particles remain longer
in the neighborhood of each fiber (and increasing porosity). He ran at 25 and
50°C and ironically the lower temperature in lower fluid wveloeity would cause
higher retention from diffusion at various runs. 1In filtration processes both
fibers and particles are to ba retained from the suspension. The retention of
fibers is accomplished bv their elongated form (1,14).

Another benefit concerning fines is the addition of cationic polymeric
retention and dewaterirg aids with cationic econdensation products of urea and
aliphatic amines (amounts of .002-.05% on weight of fiber) to prevent many pitch

vroblems from even arising (5).

FILLER RETENTION

Hanser (22) saw ths distribution of filler in paper made on the paper machine
is characterized by a very hirh content close to the felt.side of the pavner,
decreasing more or less rapidly to a value slightly higher than the averarge
content of filler in the paper. "Wet® stuff or low conzistancy and the dandy
roll increase the filler content on tha felt-side. In handmade papers filler
content i1s highest within the sheet. In machine papers less filler by wire-
side and more filler bv felt-side with constant filler content in central sec-
tionz 1s seen, Inereased paper welight inereases the average content of filler.

Docrsases in filler content near the wire-side is caused naither by the influ-
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enca of the table rolls, nor the suction box2s nor the wet oresses, but is al-

ready established immsdiately after the stuff has been run on ths wire (22).

INITIAL RETENTION

In screaning concerning inltial retention, square-mesh erids ara thought
to ba a good fiber holders, but parallel meshes mizht be thought to ba the best
gaometry for maximum retention, since below L/b% 3.5 (L = fiber lengih, b* =
grid distance) square-meshes vass more material while above L/b% 3.5 varallela
mash retention decreases less ravidly than with square-meshes. Howsver, the
final trends will depend upon the fibsr length distribution in thes susvension.
Kallmes and Corte (2&4) also have shown that for randormly deposited fibers, a
nonmuniform formation pattern will exist even with complste ratention, while
with incomplete retention, nonuniformity (a function of fiber lenpth) increases,
Modifications in these ralationships will ultimately have to account for fiber
flexibility, more complex screen geometries, hydrodvnamic effects, and fiber
interactions (13). It's obvious that by dacreasing the size of the openines
in the wire, the retention of fibers will be increased, Fowever, the resistance
to drainagze will also b2 increased, making it necessary to compromise betwsen
rotention and flow resistane= in an optimum wlre design. Higher losses on the
paper machine (hicher than in lab with same type of wire) must be attributed
to small fibers and fines or unfavorable hydrodvnamie conditions where fins

particles not attached to larger fihers by surface forces will pass through (14).

FORMATIONAL RETENTION

Britt (?) defines one-vass retention as the comparison of headbox filler
with paper filler and overall retention as the comparison of filler added to
the fuenish to that in the paper. Ffrom this premiss, ha conductad statie ard

dynamic tests on wat pulp plus filler samples and determined suspended solids



5/McRaa

by eravimetric analysis. The statiec test, detecting slight degrzes of affinity
betwa=n pigment particles and fiber (flocculation), gave nearlv 100% retention
by numerous additivaes, In the dynamie test (wlth agitation as in turbulent real
systems) zero retention of fines and filler were essentially given at degrees
of turbulenze above 1000 rpm, and true filler was ratained essentially at 100%.
These tests showed that the flocculation of pigment filler in paver stock by
usual chemical agents results in a soft floc that is easily disrupted by hy-
draulle shear florces characteristic of sheet formation., Normally these soft
flocculations reform almost instantly when the turbulence is removed. This
typ2 of floecculation increasss the one.pass retention of finas only to ar in-
termediate degree. The tensile stress or teracity of this floceulation can be
increased by a sequence of additions of polyelectrolytes of opposite charge (7).

The tenacious type of floec requires mechanical redispersal to avoid uneven formation,

MONITORING RETENTION

It is evident from Britt (10) and others that there is a marked decrease in
retention with increased turbulence and that the curve of retention vs, turbu- .
lence roughly indicates the degree of flocculation of a stock sample., Also,
such a stock shows a relatively low level of retention at hieh turbulence and
thus 15 considered to have a low "floceulation index.™ This is exvected from
its low specifie conduction {see equation for mobility UE). as with low salt
content and the absence of a floceulating additive. Any samole of paper stock
gontaining an appraciable finss content has a characteristic curve showing re-

lative fines retention with levels of turbulence, called the A-1lins or hydro-

dynamic index, given by hvdrodynamic eonditions and colloidal forces (;g).
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HISTORICAL BACKGBOUND

MECHANISMS

Britt (8), by use of what i3z commonly known as the Britt Dynamic Drainage
Jar, found that additions of surface-~sctive agents produce samples showing oro-
gressive increases in fines retention under dynamic conditions, This "retention
Jar™ is used to predict effects on paper machine performance; therefore, it will
be of primary use in determinations within this presznt project. Under thase
turbulent conditions, the retention aids® effectiveness is traced to their
ability to form a somewhat tenacious floc by "polymer brideginz.™ Also, Britt
(8) found through electrokinstic measurements that complete charze neutrali-
zation i1s not a requlirement for floceculation, which in itself leads to high
fines retention and a flocenlated, nonuniform stock appearance,

Optimum drainage or retention of a papermaking system in which-a drainage
and retention aid is used, Moore (33) found, doas not necassarily correlate with
the point of charge nzutralization of the substrate surface. In a bleached
pulp suspansion containing alum, drainace and retention can increase greatly
with inereasing amount of cationic polyacrylamide, even thourgh the fibar surface
has ween charge reversed. The lack of correlation of these properties with
2ero zeta potential shows that mechanisms other than charge neutralization may
predominate (33).

Coazulatien

The retention of colloidal material (fines) and fibers as studied by Wal-
kush and Williams (47) under controlled agitation conditions in various simple
electrolyts environments was determined in terms of fines retained by a hydro-
phobic colloidal coapulation mechanism., Retention was found by measuring the
concantration of fres fines, prepared from aspen seedlings grown in a 01“02

atmosphere, by scintillation counting., Maximum retention was realized at
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"critical coagulation concentrations" (CCC) which were in agreement with the
Schulze-Hardy Rule (the sodium, calcium, and lanthanium chloride CCC were 4,50,
0.33, and 0.023 mM/liter, resvectively). The electrophoretic mobility of the
fines approached zero near the CCC. The eguilibrium retention level was con-
trolled by the relative shear conditions and the electrolyte environment.
These results (47) indicated that cellulose fines can bs retained by a coagu-
lation vrocess, which, bscause of its reversible nature, was interpreted to be
of a secondary "minimum" nature.

Titanium Dioxide Particles

Johnson (g}) studied the sffects of fiber diameter, mat porosity, fluid
velocity, and fluid temperature on the collectinn of titanium dioxide particles
by the internal structure of a mat of nylon fiber., Particle retention increased
with increasing mat porosity and fluid temperature and with decreasing fiber
diameter and fluid velocitv, provided the pH, ion concentration, and total volums
and concentration of the suspensions were held constant. Over the range of vari-
ables studied, Brownian diffusion (of the five probable ones: (1) inertial
impaction, (2) flow-lire interception, (3) settling, (4) Brownian diffusion,
and (5) sieving) was shown to be the controlling meschanism of collection (g}).
Collection of particles retained takes place mostly in the storage chests and
stock preparation svstem, Collection during formation occurs from hieh fluid
velocities. Unlike Johnson (23), Haslam and Steele believe the retention pro-
cess is ascribed to one, two, or all three mechanisms of (1) sievirg, (2) co-
flocculation, and (3) mechanical attachment.

GCenaral Particle Application

An empirical form of the Han equation describing vigment distribution for

imcompressible pads was found for a compressible wood pulp system by Williams

and Swanson (49). The resulting apparent hydrodvnamic collection efficiency
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appears to be closely related to a true collection efficiency. Pre-mat.forma-
tion retention, apparent retention cosfficient, and vercentace retenticn of
free pigment retention properties having different hvdrodynamic factors - but
common colloidal factors - are correlatable, Such correlations have as con-
trolling varameters the relative magnitude of the colloidal forces between pig-
ment and fiber. Thus, favorable colloidal forces are necessary not only for
retention prior to mat formation, but also for retention durirg mat formation.
Pre-mat-formation retantion (QQ) can amount to a sizable portion of the total
pigment retained, For papsr sheets it is probably the major source of pigment
retention. The pigment distributions in handsheets, machine.made sheets, and
handmade shests, as in Groen's findings (49) are readily explained by beginning
with the premise that most of the pigment was already retained by the fibers

prior to sheat formation.

ZETA POTENTIAL AND ELECTRCKINETICS

7eta Potential Fundamentals

Poppel (38) used polyamine-volyamide-epichlorohydrin resin (PPE) for deter-
mining zeta potential aoplication and the nature and formation of the electrical
double laver. Zeta potential is important in influencing sorption and retention
vhenomena with a close conrection bestween zeta potential and sizine. There is
a largs effect of zeta potential on filler retention; small amounts of PPE
chanpe the zeta potential, and large amounts drops retention., PPE speeds up
filtration and dewaterine rates of pulp. Zeta potential is also shown to in-
fluence the rheolozy of pulp dispersion and the mecharical properties of paper (2@).

When electrckinetic conditions have been optimized (zero zeta potential)
in the wet.end first-pass retention is high; drainace is excellent; phvsiecal
properties of the shest, ircludinz formation uniformity, burst strength, and

sizing degree, are excellent; the white water is relatively clear; foam is
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absent; and dyestuff use is minimized (37). When the zeta potential drifts
away from zero these process and control parameters deteriorate rapidly.
Repulating the vH, specific conductance, and furnish compcsition adequately
controls zeta potential (37).

Flocculatiorn and Disversion Sffects

Lindstrom (29) varied the zeta potential and thus the tendency for floc-
culation by adding cationic polyacrylamides (PAA) to dispersions of cellulose
material (microcryst cellulose sol). The flocculating polyelectrolyte para-
meters and fiber suspension conditions were affected by: charge density and
molecular wsight of the polyslectrolyte, surface area of the fiber material,
pH of the system, salt concertraticn and concentration of dissolved wood based
polymers (pine xylan and LSA) in the system (29). All Lindstrom's findings
showed that optimum floceulation occurred at a zeta votertial of ca. zero.
Increased retention as the zeta potential and sinele-pass retention on the
wire used (29).

Britt (9) used electrophoratic mass transport technigques to determine the
surf'ace charge or zeta potential in paper stock relative to the suspended solids,
which, in turn, aids in studyinz flocculatior and dispersion behavior. This
method allows a wide range of sizes in the measurements, and shows that the
intermediate particle sizes cause a peak and plateau of the apparent electro-
thoratic mobility, while smaller particle sizes causs a drop-off. The carboxyl
contert effect on zeta potential or orisinal mobility rave a lower charge for
lower acid group contents and vice versa. High acid group content pulps will
commonly adsorb large amounts of cationic polymer. Observation shows that the
additijon of a cationic apent which reduces the surface charee also incrsases
the flozculation tendency. Thus, some observers have concluded that floecculation

and fires retention are solelyv or predomirantly determined by electrokinetic
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factor (3,15). However, zeta potential is only one factor of several that de-
termines the degree and tenacity of flocculation; others are cationies used,
dynamic variations, polymer brideing, coagulation and sedimentation of solids,
and other resistants to redispersion to hydraulic shear forces (3). Pulp fines
shew much better retention than filler when the retention mechanism is simple
filtration, but when flocculation polymers are added to the system, the improve-
ment in filler retention is far more dynamic than with oulp fines. Evidently,
brideing is more effective and the larger pulp fines pressnt a greater target
for the flow of water (9).

In electrophoretic mobility, the equation given by Eritt (9) is
Ug = dWA/teiem, where Ug = electrophoretic mobility (em/sec/volteem), AW =
weight of migrating material (mg),% = specific conductanecs (pmho), t = time
(sec); i = current (m.amps), and M = average concentration of suspended parti-
cles (g/100m).

Mathematical Revresantation

Temperature is found to be a definite variable in particle charge densities
and potentials as seen through Adamson's (2) representation of the double-layer
potential at a point located a distance x from the surface.\y. The eleectrical
potertial at the surface is taken to be‘vo, and decreases as one proceeds out
into the solution. At room temperature for sirely chareed ions, the potential

is szsen as

Y =Yo o= Kx
where K2 = (hnslekT)aniziz , showing the functionality in T. Variables here
ars e, the electronic charga; D, the dielactric constant of ¢he medium; k,
Boltzmann's constant; n, the concentration levsl at altitudes from the partiecle
(ng, at zero altitude); z, the valence of the ions; and T, the existings temp-
erature. Here, thaen, potential rises with rising temperature. The gradient

of the alectriecal potential at a point has been shown by (2):
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FIGURE 1. The concept of the zeta potential. Most colloidal particles
have 2 neeative charee, as shown here, surrounded by stationary vositive
charges. These in turn are surrounded by a diffuse layer of negative charres.
The zeta potertial is the difference between the charge of this moveable
layer and that of the bulk of the susvending liguid. For most natural

substances, zeta potential is negative,
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sy = Bngz2e®y /DT = K2y
This gradient also will rise with rising temperatures, but it is exvected not
to rise as rapidly as simple potentials since the sxponsntial T function in the
numerator is segmented by the increasing denominator T. For spherical particles
(an assumption usually made in such calculations) thes thickness of the double

layer is given by:

i, = (DkT/SWeZZ nv? )%
where n is the concentration of ions of valency v in the bulk liquid g&glﬁ
Again, double-laver exvansion is expected with increasing temperatures in some-
what moderate fashion becausa of the low exponential furctionality.
The surface charge density, ¢, does experience increases upon rising T
but only in certain ranges since the exporential power function dominates the
simple exparding ratio as seen in (40):
o = NDnkT/2 (fxp(veWO/ZkT) - exp(-veWo/ZkTEX
However, it is an entire temperature depsndent function. 1In terms of net charge
density, P at any point, the equation is given (40):
p = -ZnOze-sinh(ze$/kT)
where again a tempzsrature rise brezeds a more and more nepative charge density,.
All these functions also are consistent with the fact that increased temperatures
cause increased expectations to find ions of z valenc2 and e charge to be found
more likely farther from particle surfaces than at lower T; %his beingz sesen in
the sxovression: x = zqu/kT (2).
Figure 1 gives an illustration of the double laver (riesid or stern laver
and diffuse layer) with the potential droos indicated through the layers and
the negative and positive ion concentrations indicated from the plans of shsar

to the bulk of the solution,
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FILTRATION
Gsneral

Variables for filtration according to Wrist (51) are wviscosity of the
dralning water, its temperature, spacific surface area of ths pulp, pore size
distribution of tha forming zhset, drainage pressure, and the kind and com=
pressibility of the pulp sample. Cowan (12), too, did soma work with mathe-
matical and variable expressions for drainage over tube rolls, but neglected
tha kinetic natura of the problem involved. Sir Taylor (42) and Lewis (28)
have since modified such mathematical expressions to mors accurately deseribe
tha drainage around the rolls and nips and the formation into a mat on the wire,
Azain, they provide data that drainage becomes improved in heavier sheets on
medium speed machines.

Mathematical Exoression

Conditions necessary and sufficisnt for a fiber to ba retained by a rela-
tively open network lyirz in a oplane perpendicular to the direction of flow of
fibers as seen by Abrams (l) are much mechanical interception of the two, thus
longer fibers (in general) and propsr orientation in the mat. Probability of
retention is exprassed in terms of a functional relationship batwsasen the geo.
metry of the fibers and that of the retaining network. The network was repra.
sented (l) by a frequency distribution of network distances in a two=dimensional
model. Yet, the experimental results for continuous retention were lower than
the predictions because of the suspension-network interactions, Also, the fluid
drag and fiber impact forces seriously irregulated the stability of the natwork
structure. The squations primarily used in the data manipulations were first,
R=1 . &exp(-mLf/zb). where R = retention efficiency, P = a constant, & = (31
(theorstical), Lp = fiber lensth, anc T3 = average natwork distance; and

O
second, Wy = W + (1ﬁ5Z}n =(1 - (1 - Ro)axp(-QW))/Ro]. whera Wy = total approaching
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mass of fibers, W = mass of fiber ratained, $ =a constant, and Ry = initial
mass fraction retained or initial retention probability (l). Tha latter was
first suggested by Han (20) and developed later by Estridge (14). The reten
tion efficiency avproached one at rather low basis weights. Fiber floeculation
also aids to increase the rate of retention, but can prevent a fiber from freely
rotating into the network plane, thus possibly reducing retention (1). Moss
(3%) found that a velocity gradient between the stock and wiros causes fiber
alignment,

Aoplicatiors - Vacuum Formsy Example

When Han (19) measured the drainage rate, driving forcs, and white water
consistency in an experimsntal vacuum former, the specific resistance of the
sulphite vulp ussd was evaluated from the drainage data and found to be in a-
eresment with that determinad by the constant eate filtration method. Through
assuming no fiber-wire interaction, a fixed slice opening at the inlet of the
former roof from basis weight and consistency manipulation, and a neglect of
initial drainage, a power function relationship is derived matching drainage
rate with forming distance in (q/qL)n = x/L, where q = drainage rate, qy, =
initial drainage rate, x = forring distance, and L = forming length (19). In
the rare case of complete retention throughout the entire sheet forming process,

the above equation bscomes parabolic with n = 2,

TWO.SIDEDNESS FROM DRAINAGE
Its Causss

Normally, says Underhay {&44), the top surface of the paper, from the pre-
sence of a graater fraction of short and fine material, has a closer and finer
structure (thus drainage benafits) than the under surface where thz longer
fibers of the furnish predomlnate and cause tha too -texture to be more opene.

The ash content of sheat top surfaces is more than twice that on the wire side.
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Some provosed causes of composition two-sidedness are adverse drainage affects
from breast box stock composition and variance from machine chest stock com-
position, sheat structure caused from wire assembly oseillation and hieh spzed
formation, and drainage conditions of high suction from boxes and underside
washing from table rolls (4%). Underhay suggests eliminating or reducinz such
factors by the implemantation of mesh, scolled, and doctored table rolls, table
rolls with water repelling surfaces, and a stripper or scraver bar instead of
table rolls.

Its Elimination

Smith (&L) points out that in two.sidedness not only the shade on each side
is different in coloring but there is a difference in (1) taxture, (2) formation,
(3) smoothness, and (4) reflectance. The presance of suction boxes and high
speed machines cause much two-sidednsss so that the faster the machins runs,
the greater the wire losses, Another big problem on the paper machine is table
rolls. Evervtima the unformed sheet rode over a table roll, the water in the
nip was squeezed through the wire (liftinz momentarily the whole sheet, flooding
and loosening the smallest fibers and loading in the lower layvers), and almost
immediately withdrawn bv the suction generated by the parting of the roll and
wire surfaces (41).

This washing effect was obviously considerable when repeated at every table
roll, and, after much consideration, it was realized that this phenomena could
explain (a) the much higher lossas sustainad in the mill than in the laboratory;
(b) the fact that the percentapzs backwater solids did not decrease uniformily
as in a normal filtration; (=) the great scarcity of "fines" on the wire side of
tha sheet, and in particular, why the majority of the remaining long fibers
were oriented in the machine direction; and (d) the reason why fast machinas

with their highly rotatinz tube rolls show such a marked two-sided effect and
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have such high wire losses (41). All methods, however, so far are merely de-
terents not cures for two.sidedness according to Smith. Yet, use of a tube

roll with a carefully cut groove (to correct depth and width) actually channeled
water away from the nip. When the best danth was discovered, it not only
eliminated some two-sidedness, but also losses through the sire were greatly
reduced, and, in consequence, the freseness of the headbox stock (in a closed

system) was increased (41).

EFFECTS

Beating Effects

Kibblewhite (gl) found that retention and drainage are highly influenced
bv tvpes of beating and refining since these determine the morphology and sur-
face structure of fiber., Fiber ends were found unfrayed or fibrillated, and
fibers were not oreferentially shortened. Twisting and collapsing structures
were very predominant which facilitates drainase but doesn't necessarilv pro-
mote fine and filler retention. The Valley beater at high stock concentration
was most effective in removing lamellae from the 59 layer, while under normal
corditions the entire layer was removed. Thus, it opens up the fiber, and pro-
duces a tiecht network to trap small particles includine fluids which need to be
drained, Thus, chemical addiiives are needed for proper charged particles to
allow for opsn drainage yet less breakdown in the fines and filler structurs
of the sheet (25).

It is also generally accepted that when a wet paper web is dried, surface
tension forces operatelwhich pull adjacent fiher surfaces together and allow
molecular interfiber bonds to form (11.29.22). Increassd fiber flexibility
appears to be the most important visible effect of beating. Throueghout the
formation and corsolidation of a papar web, the effectivensss of wet pressing

and drying devends on the degrees of fiber flexibility. Many beatins.causad
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morohological and intrawall changes can be describad in terms of their effect

on fiber flexibility, fiber flatteninz and twistinp, and irirawall dislocation
(26). To the point fiber flexibility determines the degree of web consolidation,
the intensity and extant of interfiber bonds probably demends on the quantity
ard quality of molecular fibrils developed on fiber surfaces. Fibor fibrilla-
tion and fibrillar fines appear to effect formation only as much as entangled
interfiber fibrils probably increase wet web extensibility and tensile proper-
ties (256). Wet pressins mirimizes any effect of fibrils on mat consoljdation
and the development of interfibasr bonds.

Refinine Effects

Richardscn (22) has ravealed that while refiner control reduced the un.
certainty in standard deviation of freeness test on pulp, it did much to re-
gulate the fiber length ard fines in tke furnish; Apart from this these firnes
added to the sheet strencth but had an adverse effect on the drainage to more
than offset any benafit. With mcdified procedures to induce a 5% fines cona
tent, the freenass and drainage time (under TAPPI Standard) were very predicta-
ble so that the Mullen and tensile continued to improve with the addition of
these fines, where the smaller the particle size of the fines, the greater the
strength improvement (39).

Agitation Effects

The effect or filler retention and sheet formation of retention aid molew
cular weight has been studied by Arvela, Swanson, and Stratton (%) using a lab-
cratory web former ard a series of hich-charge-density cationic polyelectrolytes.
Controlled amounts cf addition agitation were introduced into the stock prior
to the slice. Filler retention less caused by the apitation unit was rapidly
and reversibly recovered when the polyelectrolyte was employed. At equal dosage
arn increase in molecular weiecht of a high-charge-densify cationic polyelectro-

lyte vrcduces slirshtly hicher filler retention but poorer formation with ro
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enhancement of the retention shear resistance (4). Increased violence in stock
agitation reduces filler retention considerably buf improves sheet formation.

Goossens and Luner (17) studied the flocculation of microerystalline eellu-
lose suspensions with cationic ionere halides (60,000 mol. wt.) in which special
attention was given to the effect of degree arnd time of agitation on the floe-
culation-redispersion behavior. They found that with increased time of agita-
tion as well as degree of azitation, more polymer was needed to flocculate the
suspension. Based on polvrmer adsorrtion and electrophoretic mobility data as
well as the effect of polvmer molecular weight on the flocculation, they con-
cluded that the mechanism for the flocculation could be best explained by the
"patch model" - flocculation being induced by the attraction between positive
and regative sides of particles (17). The increase in stability is caused
partially by the release of Ca** from the surface of the particles due to poly-
mer adsorption as well as by the diffusion of polymer into the pore of the
particle.

Sheet Stranvth Effects

Thode (2}) and others fouﬁd that the precise technique of finding the sur-
face area of beaten pulps containing fines, a variable to understand to predict
retention trernds in a fibsr mat, is the filtration resistance method. The
silvering technique and the dye adsorption masthods bhoth are too difficult to
perform ard inaccurate. The filtration resistance method also yields good
swollen specific volume data for ponlps with and without fines. Fines here had
been helpful in giving higher Z-tensile, Mullen, and fold but hindered high
tear, Howaver, fires compourd problems in the freeness test and also at times
mave retention specifies highly urpredictable (43).

Ezonomic Effects

With the aid of a cationic retentior aid (at rate of 0.7 ib/ton of paper
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produced), Walsh (48) found the retention was improved greatly, and the mill
could use lower amounts of pigment and fillers without loss of paper proper-
ties. Piement costs were reduced more than $3.00/ton with an outlay of less
than $0.75/ton. Cationic starches are used at the wet end to reduce BOD
pollution problems. Often the use of cationic products provides the most eco-
romical solution to various difficulties, with added improvemant in paper pro-
perties and increased operating efficiency (48).

The relationship betwzen white water solids content and one-pass retention
is important in terms of material losses from a production machine (economically
speaking) to the point that Frankle (16) tas used one-pass retention to opti-
mize the retention aid level by minimizing costs. The optimization depends
upor: the kind of polymer used, the flocculation created, the amount of polymer,
the pH level, the hardress of the mixture (CaCO3 content), and the amount of
relatively cheap alum, The cationic polymers behaved better at low pH than
high while beirg insensitive to alum addition at low levels. On the cther hard,
the anionic retention aid performs better at high pH and is vervy sensitive to
alum amounts. Polymer choice is dependent on thres factors that determine good
retention: the machins itself, the headbox cheristry, and the parer being pro-
duced (specifically, gentle mechanical action and drainaze elements) (16). The
predictions here were made by use of the Britt Dynmamic Drainage Jar because of
two factors (supportine its use): laboratory retentiosm has been correlated
with machine retention now, and sewer losses havas been shown to be a function
of retention independent of grade or basis weight (16).

Pollution Effects

To minimize cherical and fines buildup in white water, it is nacessary to
effect mazimum retention of these components in the finished sheet. Williams

(50) has also pestulated that the retention of colloidal raterials during the
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papermaking process 1s dominated by the coflozeuvlatiorn mechanism as corpared

to sieving or mechanical attachment. Sienificant coflocculation in a furnish

i5 achieved throush effecting the collapse of the electric double layers of the
surface charged bodies by providing a suitable electrolyte concentration, as
describad bv the Derjaguin-Landau-Verwey-Overbeek theory (46) of the stability
of hydrophobic colloids. The chemistry of aluminum salts in solution, the
ability of its cations to effect voagulation, ard the interference of complexing
anions, such as sulfate, are used to optimize effective coflocculation, Addi-
tional coflocculation can be had by the appropriate addition of a polyelectro-
lvte through the establishment of polymer bridges as hypothesized by larer (27).
The success of the volymer retention aid depends upon achieving adsorption of
polymer segments on the surfaces under conditions of low coverage and upon the

ability of the created floc to withstand the shearing forces in the process (jg).

FURTHER ANALYSES

Transverse Direction Analvsis

This method used by Parker and Mih (36) consists of freezing the sides of
the water.soaked sheet to the surfaces of two metal rolls, cooled below the
freezing temperature of water and rotating with a spring-loaded nip. The wet
sheet, introduced into the roll nin, is srlit internally into two frozen sec-
tions on the outgoine side of the nip. A major advartage of this method is
that samples of larpe area c¢an be uniformily sectionad, makinz possible the
analvsis of distribution of macroscopie sheets structure such as gross formation
in the transverse direction (38). A test rethod to measure the specific fil.
tration resistance of small samples of pulp has baen used in conjunction with
the sectioning device to msasure the transverse distributior of specific fil-
tration resistance ir paper. Again, generally, the distribution of filtration

resistance in many types of filled shaets reachss a minimum on the wire side
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(lower ash) as in Tnveeform shests which is consistert with previous reported
measurements of filler distributions (36).

Closed Svztem Analvsis

Martin-.IBf and assistants (21) believe the main cause of possible oparating
problems can be related to the change in the white water compositicn and tem-
perature from poor retention, process temperatures, machins speeds, and so on.
Problems with product quality can mainly be related to the increase in fines
content of the shest. Fines and fillers can cause drainags problems on the
machine and affect papar quality. Dissolved materials can cause opesrating pro-
blems because of depositior: on equipment or foaming. The sinele-pass roten-
tion on the wire of fines and filler is normally about 50% and dissolved mater-
jals about 2% (31). Thus a closed system has offered an alternative for pollu-
tion abatemant in paper manufacture; however, care i1s needed since operating
conditions and product quality may be affected. Morsover, in many cases posi-
tive influsnces on operating conditions have been notized as irn improved
drainase and reduzed slime probléms because of increased white water tempera-
ture. Also, savings in fiber and heat are inherent in the clesed system

approach (31).
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EXPERIMENTAL ANALVSIS

INTRODUCTION
Objoctives
In this analysls temperature effect on retention aid activity was in-

astigated by determining fines, one-piss retentions, and surface charce by
titration at various temperatures. The Dvnamic Drainage Jar or Britt Jar was
used to touch the first objective of finding if temperature has a somewhat
regular or predictable relationship with retention of rfines. Then, the sur-
face charge titration measuremants techniqua developsd by Halabisky glﬁl served
to touch objective two to s28 if temperature has such a noted sffect on various
potentials around suspended particles in the presence of cationie polymer so as
to depict relationshios to the retentions found. The tempsraturs interval was
15°C whare a catlonic polvmer produced by the Dow Chemical Company (SEPARAN
CP-7) (12) was applied at different loadings to a stock of 50:50 bleached Kraft
softwood and hardwood at four different temperatures: 10, 25, 40, and 55000
At least throe determinations were dona at each tempsrature and loading of poly-
mer for each tvps of test and calculation; if data was erratie, then nins or
ten determinations were in order to dculle the rsllability of tests made. Fines
fraction, and fines reterticn was don2 in the Britt Jar application procedurs.

SEPARAN CP-7 Cationie Polwvmer

SEPARAN flocculants are high-molecular-weight synthetic water~soluble poly-
mers made by polymsrizing acrylamide. All of the products are based on

polyacrylamide, as shown by H2 - C ; Bscause of the abundanc2 of
fm

amide groups (-V} ), unmodified nolyacrvlamlda is essentially nonionic in solu-
tion, although a very small number (€ 0.5%) of the amide grouos are usually hy-
drolvzed to anionic carboxvl groups (-COO Na*). The thermal stability of ©P-7

is good above room temperature though it has much weight loss under 150°C, yeot
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this loss is primarily due to water loss without drastically changiﬁg polymer
bulk. Proloreed heatins, thoush, ecan lead to degradation. CP-7 has a nominal
molecular weight of about 1,000,000 ard a pH of 10-11 with high activity in
furnishes from pH 4 to pH 8. Brookfield viscosity (23°C, #5 spindle, 20 rpm)

is 6,000-13,000 ¢ps, and frasezing point is about -1%. Density of this liquid
is 8,35 ibs/ral at 5% active solids. Recommende§ loadings for retention are

0.2 to 0.75 pounds of active solids per ton of paper production so 0.25, 0.50,
and 0.75 loadinzs were used in this analysis., CP-7 is noncorrosive, essentially
non-irritatinz to eyes and skin, and has low toxicity with single oral con-
sumotion (13).

Under stable temperaturs conditions the use of CP=7 in retention inecreases
retention of fires, fillers, size, wet strength resins, oigments, and dyves;
imoroves distribution of fillers in the sheet with less two-sidedness; gives
more uniform moisture orofile; rives botter sheet formation and more uniform
sheet quality; vproduces cleaner white water systems and greater saveall effi-

ciency; and provides lowsr susvended solids and BOD in mill water offluent (13).

PROCEDURES

Dynamic Drainage Jar Procedurs

There are three particular operations for which the dynamic jat is useful
(the first two baing done for this project): (1) determination of the fines
fraction in a stock sample, (2) retention of fines (and/or filler) by the fiber
under dynamic conditions, and (3) determination of drainage rate undsr dynamic
conditions, An important consideration is that paper formation takes pgace
under turbulent conditions. Thus, the drainage jar has 2z two-fold purpose:
to carry out tests under conditions similar to those on a paver machine and to
minimize hydromachanical effects and keep them under close control. The two

moszt important variables in the use of the dynamic jar are the rpm of the
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stirrer (which was held constant at 100 during drainrace and at 350 for retention
aid mixine) and the hole size of the screen (which was 76 microns from 125P
screens) (6).

(a) Fractionation - With a stock consistency (suspended solids) of 0.1%

(measured exactly) at the proper temperature, place a 500 ml sample in the jar
which contains a 125P screen, 76 micron hole, 14,5% open area. Agitate at 1500
rom for corplete dispersion, then down to 1000 rpm for drainaze whare the plug is
pulled ard drainage is caught in a 2000 ml besaker. A stock solution of 2.5%
concentration of TAMOL 850, tri-polyphosphate, and sodium carbonate is needed,
whers 1 ml of this is added to 500 ml of stock sampla. Dilute to 0.01% for all
ingredients (250 times), and use 500 ml portions as wash water for repeated
drainage-on the same sample. The advantage of TAMOL 850 as a wetting agent is
that it is non-foaming which seriously interferes with the fractionation test.
When the 2000 ml beaker is full, the fines fraction should be complets. To
make sure wash again with 500 ml of water to be drained into a2 clean glass beaker.
This filtrate is observed for clarity and should contain no appreciable amount
of suspanded matter., The residue of fiber on the screen is transferred to a
weiched filter paver on a Blchnrer fummel, dried, and weighed. Whatman No. 30
11 cm is recommended. The use of dispersing agent (TAMOL) and sodium carbonate
in the wash water is to overcome any tendency of the fine to flocculate and
hence remain with the fiber (§).

Calculations start with subtrating the residue of fiber filtered (mg) from
the total solids (mg) to get total fines. Its percentage is then based on the
total solids.

(b) Fines Retention - A 500 ml sample of 0.1-0.5% (about 0.3% used) eon-

sistency stock to be tested is put at the proper temperature and placed in the

Jar with the bottom outlet hole stoppered at 350 rpm. The stopper carries a
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short glass tube 5/16" 0.D. connected with a rubber tube with a pinch clamp

to a tyoical medicinz dropper. The purpose of this arrangement is to restrict
the flow durine the test so that the scresen remairs free and open during the
test, The retention aid is readied and added for 20 seconds-at 350 rpm, then
moved to 1000 rpm, About 100 ml of the.sarple is removed and re-added into the
Jar. Then the clamp is again removed to collect 50 ml of bleed before collect-
ing the sample in a wsighine jar without interrupting the flow. These samples
are tested at the blank and other desired loadirgs at all the temperature levels
desired (6).

For the caleulations divide the fines prasent in the aliquot by the waight
of the aliquot filtrate, then divide by the stock consistency and by the total
fines fraction found during fractionation. This ratio multivlied by 100 gives
the percentage of unretained fines. Therefore, fines retained is simply
100% - € unretained,

Surface Charge Titration Procedurs

Tvo polvmeric celloids that react almost stolchiometrically, neutralizing
ora another to form an insoluble precipitats, are methyl glycol chitosan and
potassium polyvinyl sulfate which were used in this method:

Ry -SO,~K" + I(CHy)3MRy R1sc%g:{ag + KL .
Toluidine Blue C dye has a special property ig ghat it changes color in the
presence of anionic polymeric systems (blue to pink) but has ro interaction in
cationic polymer solutions (remains blue). This dye, thsrefore, is a suitable
indicator for titratine a cationic polvmer with an anionic polymer (18).

This method was used in place of the common Flectrovhoretic Mobility Teche
rique since the Colleid Titration Technique has many advsrtares over it. It

measuras charge on the total headbox furnish, includire the long fiber {raction;

it's inexpensive since no elaborate equipmert i1s require”; overators mav bs
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easily trained to use this techrique; its very opaque and disperse systems can
be measured; it ylelds reproductible results by different operators: it deter-
mines accurately optimum cornijitions for optimum drainage and retention improve-
ment; it's fairly rapid, 10 minutes being necessary to make ors measurement;
systems having a high specifie conductance can be measured; thick stock ard tray
water solids can be measured; and adsorption of wat end additives ean be de.
termined. Its only disadvantages is that highly colored systems are presently
difficult or impossible to measure. Also, high levels of alum or organic acids
interfers, but running a blark sample simultaneously overcomes much of this
problem (18).

Of course, the stock used here was still 50:50 bleached Kraft softwood and
hardwood that had been beat in a laboratory Valley beater to a freerness of 350
CSF. Also, the fractions were run through a Wilev mill to increase the amount
of fines from the longer fihers present (mostly from softwood fraction).

(a) Reagert Preparation - Toluidire Blua O dve is prepared at a 0.1%

solution in distilled water. The cationic polymer solutien is made by dissolv-
ing approximately 760 mg of mathyl glycol chitosan in %00 ml of distilled water.
The arionic polymer solution is mads by slowly adding 265 mg of potassium poly-
vinyl sulfate to 400 ml of hot distilled water. The two polvmer solutions have
to be standardized so that one volume of the cationic reagent is neutralized
exactly by one equivalent volume of the arnionic resapent. To accomplish this,

5 ml of the cationic reagent is pipetted into 25 ml of distilled water and 1

or 2 drops of indicator dye is added. This sample is titrated with the anionic
polymer reagent until the color chanves from blue to pink. Th; volume of either
the anlonic or catiorie polymer solution is adjusted sc that S ml of the cat-
jonic polymer solution is neutralized by 5 ml of anrionic rolymer solution (18).

(b) Procedure - Measure out two 25 ml samples of headbox stock into two
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centrifuge tubes (a recalibrated 25 ml graduated pipette that has been cut off
at the tip to avoid fiber plugeing was not nesded since the fibers wera so fine.
ly grourded). To ore sample, add & m) of the standardized cationic polyvmer
solution. To the other sampls, add & ml of the standardized anionic polymer
solution. Aglitate both slightly. After about ones minute, centrifugs both
samples until the liquid phase is clear. Transfer 10 ml of clear supernatant
1iquid from each sample into two separate 50 ml basakers and add one drop of
indicator solution (for titration purposes, diluted standard reacents (SX) can
be used). Titrate each 10 ml sample with the polymer solution of oprosite
charge., In the event that the endpoint is missed, the sample can be back ti-
trated, For this precise analysis, a blank determination orn a 25 ml clear su-
pernatant sample was run (18).

(¢) Calculations - The colloid titration ratio is calculated using:

A - 2.2§a§ ; where A is the ml of titrant necessary to neutralize 4 ml of the
C - 2.9(c

standard anionic polymer solution which has been added to 25 ml of distilled

water (or centrifuzed base stock slurry), a is the ml of titrant to neutralize
10 ml of the clear supernatant from the centrifuged sample containing the an-
ionic polymer solution, C is the ml of titrant necessary to nsutralize 4 ml of
the standard cationic polymer solution which has besan added to 25 ml of dis-
tilled srater, and c is the ml of titrant necessary to neutralize 10 ml of the
clear supernatant from the certrifuged sample containing the cationic polvmer
solution. Tha factor 2.9 comes from using oply 10 ml of the origzinal 29 ml
sample that was centrifuged, The logarithm of this ratio is recorded.

Equioment and Chemicals

Equipment included the Britt Jar, a centrifugs, a tempsrature bath, an

avaporation oven, and other miscellaneous equipmert for solution handlinz and
titration, Chericals included SEPARAN CP-7, TAMCL 850, tri-polyphosphate, sodium

carbonate, potassium polyvinyl sulfate, methyl elycol chitosan, and Toluidira Blus,
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RESUITS AND DISCUSSION

INTRODUCTION
Tha final values for fin2s fractionation, fines retention, arnd surface
charze are cited in the fcllowinz table under the thrse loading conditions
(0.25, 0.50, 0.75 lbs, polymer/ton paper produced) at tha four temperatures
(10, 25, 40, 55°C).
TABIE I
TESTING RESULTS

Temp. & Fines  Fines Fines FR = Charge Blank -
Lozading fract, Blank Retant, FB8 CTR logz CTR  log CTR Alog CTR

100C;0.25% 27.5% L4.6% Wh.6%5 0.0 798 -.098 L£,20 4,623 4,721
0.50# ® " 61.5 16.9 " 1,13 +.053  +.151
0.75% " L8,5 3.9 " " 0kE -3 -.243

259C;0.25¢ 27.3% u46.4% 49,0 2.6 .958 -.019 0,58 -.23%  ..215
0.50# * " 535 T " 2,84 4,453 +.472
0,754 ¢ " 57.6 B " 1.03 +.013  +.032

40°C;0.25¢ 26,5% 57.4% 71.8 4.4 875 -.058 .835 -.078  ..020
0.50¢ " " 748 17,4 " 4,50 4,653  +,711
0.75F ) " 85.9 28,5 “ " 1,60 +.208 @ 4,262
55°C;0.25¢ 24.1%  55.2% 68.5  13.3 .B00 -.097 .273 -.564  .,467
0.50# " " 7362 18,0 . L 241 -,618 -.52i

0.75% L = 80.4 25.2 " " 060 1,22 -1,12

Specific fines fractionation and retention values are listed in Appendix I:
Table II, whila the other tables in the appendix show experimsntal and propa-
gated errors in the values shown in Table I. Table IIT gives the sample stand.
ard daviation, the universal standard deviation, the best estimate of the

stardard deviation of the means, and the sample 90% confidencas interval for
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finaes fractionation and retsntion walues. Table IV lists the sample propagated
errors of the colloid titration ratio (CTR) and the logarithmic form. Note that
the percentages in ths retention procadurss are in terms of weight. The sure
face chargs values A, C, 3, and ¢ are in milliliters but yield a unitlass value
when put into the proper ratio.

Finas fraction dacreasad with rising temperature in Figure 2, In Figure 3
and 5 fines retention and the logarithm of the colloid titration ratio (log CTR)
ware plotied agalnst cationiz polymer loading. Rises in retention with loading
except for tha 0.75 1lb. loading at 10°C were seen for all four temperatures,
vhile surface charga values went down for all temperatures batween 0,50 and
0.75 pounds/ton loading but varied in chaege at loadings betwsen 0,25 and 0,50
pounds polymsr per ton. Figures 4 and 6 show retention and log CIR plotted
agalnst temparature to sse the effect of temperature at spacifie loading levels,
In goneral, retention rose then dropped off with rising temperature, and sur-
faca charga values also rose then dropped off with the exception of tha 0.25
pound/ten loading, Tempsrature obviously introduzas complex interactions bew
tween loadings and values seen in retention and charge, Figure 7 in Appsndix I
was provided to sse the relationship betwss2n the CTR and loading and/or tempera-
tura, and to recognize the corresponding values measured with thosa given in
Figure 5. Migures 2, 3, and & havo bsen plotted showing 907 confidance limits

for each lewsl tesied,

EXPERIMENTAL AND PROPAGATED ERROR

The vagious polymar loadines wera wall controllsed by use of a syringe:;
howsvor, temporaturns varied theough each dstermination by roughly + 3.4°¢,
Yot hawing toamparaturs intervals of 15°C gave the data validity and reliability
throngh ths tempseraturs range it ropressnted. The temperature varlation, though,

was not the source of inducing the most error, but the actual propazated error
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through calculations and the relatively small numbsr of trials par level tésted
prodaced large sampla? standard deviations. Unfortunately, the caleulatsd erros
in =2ach surface charge determination was much too large dus to sourcss discussad
later, such as, the ealeulation itself, the omission of a dilution factor to

the reagsnts, and so on.

FINES FRACTION

The fines fraction that was sxtractable through drainage was seen to do-
crease with risine tempsrature in Figura 2. The 90% confidsnce boundaries
crossad over other boundarles and in most cases included average values at other
temparatures, which suggasts that only moderate or little differsnze existed
bstween tham. However, the uncertainty was cut to one-third when roplications
were increased from the thres trials at 10°C to the seven at 259C, If time had
permitted, the uncertainties could hava besan cut in half for nearly all the
determinations by increasing replications from three to nine or from two to
five. This docrease in fines fraction, though temparature induces a higher
probability for particles to be farther apart, could bs predicted by the fact
that potential and other electrostatic interactions were inereased with tem-
perature so that though particles were spread out, they could not be as easily
removed from tha system as at lower temperatures. In other words, though only
2L%Z fines were determined at 5500, the total fines of the system were much
greater than 24% so only 249 was removable fines that could be analyzed and

used as a standard.

FINES RETENTION

Consistent with behavior of effectivd retention aids, increased loadinz
at sach temparature causzd more fines to be retainsd from larger charpe den-
sities introducaed in the solutions except at 10°C. The SEPARAN CP-7 loading

ranga of 0.2 to 0.75 pounds of polymer per ton of paper produced showed great
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FIGURZ 2, DEPENDENCE OF FINES FRACTICN CN TEMPERATURE

WITH 90% CONFIDENCE LIMITS
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instability at 10°C (though CP-? has good thermal stability at higher tempera-
tures) sinca no effect was seen from the blank at the 0.25 lavael, since retention
rose very drastieally when aporoaching the 0,50 level probably due to sudden
flocculation held back previously when loading was overshadowed by the low
temperature, arnd since retention Aropped off at the 0.75 level where for 10°C

the loading had past the point of dimirishing returns for flocculation. Thare
2lso was a distinet level difference between the two lower and two hicher tem-

peratures. The values with their confidencs limits aopsared to be significant;
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FIGURE 3, LEPENDENCE OF FINES RETENTION ON LOADING
Q04 WITH 90% CONFIDENCE LIMITS
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therefora, Figure 3 indicates that somewhare batwesn 25 and 50°C thore was a
significant increase in floceculation to kwep particles suspsndad. However, it
also indicates that somewhere betwsen 40 and 55°C flocculatien had reached a
limit wher2 so much like-charge had bsen induced in tha system that repulsion
forcas were overshadowing flocculation tendencies thus producing a retention
decroasa, Notice also that the actual amount retained per ton produced for
40°C over 55°C was even greater than the graoh shows since the fines fraction
that actually passed through the apparatus was much greater for %40°C than 55°C,
Figure 4 shows a high dependency of retention in terms of loadinz on fem-
perature from the piant sweeps in retention between 40 and 90% for such a small
tempsrature range. The line for the blank or 2zero loading again clearly i1llus-
trates a definite flocculation increase between 25 and 40°C ‘and a curtailing
of retention throueh excessive charge stimulation after 40°c, Also, the points
at 10°C i1lustrate again the limited flocculating tendencies at high and low
loading limits and that significant floes formed at 0.50 loading which were not
easily added to or easily dispersed upon slight charnzes in charge density
(loading). At higher tempsratures the initial introduction of charge induced
a large increase in flocculation and retention unlike at lower temperatures.
Then additional loading to moderate conditions only slightly raised retention
relativa to initial charge at high temperature., At the upper loading 1limit
with high temperatures, flocculation again was greatly incrasased and never

reached a point of diminishing returns for the chosen loading ranges.

SURFACE CHARGE

If the net surface charpe of a particle suspended in water 1s made up of
the summation of the individual positive and negative sites om the surface, then
each surface would be expected to adsorb a certain amount of both an anionic

(negatively charged) and a cationic (positively charsed) polymer. Also, the
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WITH 90% CONFIDENCE LIMITS

| o L8,
i N T
/ \\\
J ~

0 / . S0LB
0 i e .
& I e |
/ i '
p Y
©7G e
. P -
T ] {
L L, i
— %'/ /
= K [
I a3/ A
60‘ \ {" - ;
%) r
L) " i /";.-\
P . /‘ ' /’ ; ¥y
oy “/ﬁz_J 7 % BLANK =™
T wf/ !
- 4 7 ;
50 é// oy :
. vf/yéf :
%-3-,’ - .»-"’,5. -
A== %
4-0 3 14 T ¥ T T
=5 | O 25 40 55

TEMPERATURE (°C)



35/MeRan

charge on that particle surface will be reflected wv the summation of the amount
of each polymer of opoosite charge adsorbed. If ths particls surface in question
has a net negative charge, then more of the vositively charged polymer will
adsorb and the colloid titration ratio (CTR) will be less than oms., On the
other hand, if the particle surface contains more cationic sites than anionic
sites, tﬁe net surface charge will be positive, and more of the anionic polymer
will adsorb, Therefore, the ratio will be greater than one. The logarithm
of this ratio (log CTR) gives values less than zero for negatively charged sys-
tems and values greater than zero for positively charzed systems. Systems close
to neutral will adsorb equal amounts of anionic and cationic polymer, and the
logzarithm of the ratio will be closz to zero.

Therafore, with an urderstanding of the meaning of the log CTR, Figures
S and 6 clearly illustrate some major discrapancies with retention data results,
First, it is not conceivable to balieve that addition of catiornic polymer would
create more negative sites in the systems as the nepative sloping curves suggest
in Figure 5. Also, it suggests that a nesatively charged system as for 55°C
would be more effective in retention (from retention data) of fines than posi-
tive or slightly negative systems at temperature below about 30°C. In fact,
the jump of charge sites from strorngly positive at 49°C to strongly negative
at 55°C 1s unlikely under cationiec retention aid corditions unless there was
a large charge inversion due to temperature incrzssss from 40 to 55°C. How-
ever, this seams unlikely and inconsistent with cited behavior of fines, fibers,
ard polymers in solution by Halabisky (18) as opposed tc Britt's conclusions
(9) on the relationship betwzen ratention and surfate charge.

Halabisky (1&) found that the pavermaking system had ootimum drainage and
retention when this ratio (amount of anionic polymer adsorbedfamount of cationic

polymer adsorbed) was close to or slightly greater than unity; therefore,
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FIGURE 5, DEPENDENCE OF SURFACE CHARGE ON LCADING
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’*'l 0 4 FIGUR® 6, DEPENCENCE OF SURFACE CHARGE ON TEMPERATURE
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log CTR and zeta potential would be expected to bs close to zero. However,
data showed highly negative $5°C systems drawing further from zero with in-
creasing retention in Flgurs 5. Conversely, retention increases were scen
wher the log CTR aporoached zero from positive systems at 10, 25, and 40°C
(again inconsistent with the fact that cationic polymer was bsing added),
the high positive value at 10°C and 0.25 pounds/ton loading and medium nega-
tive values at 25 and 40°C were consistent with the retention results, yet
again 5500 values arz highly negative though producing moderately high reten-
tion. The transition from 0.50 to 0.75 rounds/ton positive charge loading was
highly speculative since ragistered system charge went down to more numercus
negative sites pressnt; nevertheless, retentions were predictable aceording to
Halabisky's findings of high retention at or near zero zeta potential except
for the highly negativae 55°C system. Agreement with Britt's findings that zero
zota potential does not necessarily produce optimum drainage and retenticn exists,
In Fipura 6 there ware apvarent charge inversions between 25 and 55°C for
all loadings ard at 25 ard 46°¢ (charge sites went nepative, positive, then more
negative)., Unezpected charpge decreases occurred at 10 and 55°C leading to the
conclusion that either temperature had a very comnlex interaction with cationie
polymer loading or large uncertainties in calculated values made it impessible
to know if the averages weres rsliable. Since positiva loadinz levels showed
such drastic changes compared to the blank, polymer-temperature interaction was
much greater than base stock.temperature interaction in terms of retention change
induced by charge modification. The log CTR values again were highly specula-
tive and should be investigated by additional trials on 350 CSF stock of 50:50

bloached Kraft softwood arnd hardwood.
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CONCLUSTONS

The actual attraction of fines to fibers increases over the 10 to 55°C
range as the fines fraction removable from the base stock decrsases upon teme
perature increases, In general, increased cationic polymer loading produces
increased fines retention except below room temperature and, depending on its
interaction with temperature, does not necessarily create more positively charged
systems, SEPARAN CP-7 has unstable flocculating tendencies balow room teme
perature where loadings at high and low limits give very low relative retention
ard at a medium level (about 0.50 pounds polymer/ton production) give more
optimum fines retention than at room temperaturs., For 50:50 bleached Kraft
softwood and hardwood stock at 350 CSF, there is a significant increase in rea
tention and thus flocculation between 25 and L0o°C for all polymer loadings, ard
the temperature for optimum fines retention in the 10 to 55°C range i3 around
40°C, Howsver, there is no point of diminishirg returns in the loading range.
Above room temperature the initial additions and additions close to the upper
1limit (0,75%/ton) of cationie polymer yield the most relative flosculation for
any loading below the upper limit.

In terms of surfacs charze, the strongly nsgative system at»SSOC induzas
greater fines retention than slightly negative and/or strongly pcsitive systems
below 30°C, Bscause of high polymer-temperature interaction (as opposed to
stocktemperature interaction), increased loading gives more rnegative sites
available on particles within the 10 to 55°C range at all loadings for 10 and
55°C and at loadinps abowe C.50#/ton for 25 and 40OC (inconsistent with classieal
urderstanding). Highly relative charged positive or nesative svstems do not
neczessarily provide poor retention while near zero zeta potential systems do
not necessarily give high retention with cationic polymer additions (consistent

with Britt (9) and inconsistent with Halabisky (18)). Chargs inversions cccur
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through 40 and 55°C for all cationic polymer loadings (within each loading) and
at 25 and 4C°C taking all loadings collectively whers charga sites move nega-
tive, positive, than more negative from blank conditions {whose charge is so
stable through temperature changes suggesting little stock-temperature influsnce).
Statements on these surface charga results ars made assuming the data to be

reliable though calculated errors are very high.
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RECOMMENDATIONS

Employ a wida temperature range study to especially include very low
(«10-0°C) and very high (65-100°C) temperatures, being sure to use the
dilution factor (5X) for reagents in the Colloid Titration Technique,

Use thes Britt Dynamic Drainage Jar and the Colloid Titration Techniqua at
various temperatures to study fines retention and surface charge from
classical retention aids,; cationic polymers, and anionie polymers of
varying molecular weizht.

Examine the influence system pH has on reteantion and surface charge at
each tempsrature tested for specified loadings of speecified retention
polymers.

Study fines and filler retention and filler influence on surface charge
for a spacified retention polymer using common industrial papsr fillers,
Find varlations dus to base stoeck scftwood-hardwood ratio changes on re-
tention and surface charge.

Rasearch the effect agitation at various temperature levels has on re-
tention, surface charge, and ultimate two-sidedness on the paper machine,
Also. use various rpm levels with the Britt Jar.

Combina common retention aids (cationic vs. anionie, ete.) at various
relative loading levels to sach other and determine their retention and

surface charge influsncs at each temperature to bs studied,
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TABLE II

FINZS FRACTIONATION AND RETENTION DATA

L6 MeRase

Tempe &
Loadlng Ravlications (%) Aveorazes
FRACTIONATION

10°¢ 29.46 26,62 26.5% 27.5

25°¢ 26,42 28,68 29.18 27.08 26,82 27,01 26.11 27.3

40°¢C 25.57 28,43 25,37 26.5

55°¢C 25.95 22.5% 23,70 2.1

RETENTICN

100C; Blank 46.84 42,43 W 6
0.25% 47.3 L0.3 46,3 4. 6
0.50% 59.% 66.8 58.2 61.5
0.75¢ 48.7 51,3  A45.4 48,5

25°C;Blank 52,68  10.10? L6k
0.254 17.87 50,02 49,0
0.50# 50.98 51,33 58,10 52¢5
0.75% 52.28 53.21 62.46 57.6

L0°C;Blank $8.33 56.51 57.4
0.25% 70.51 74.3% 70.53 71.8
0.50# 72.56 78.22 73.46 7%.8
0.75% 86.73 85,50 85,36 85.9

55°C;Blank  55.22  55.48 55.2
0.254 67,59 63.93 68,98 68.5
0.50# 73,07 74.26 72.22 73.2
0.75¢% 80.43 76,33 B4.37 809.4

% Spread and few numbsr of trials contribute to large srrors.
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CALCULATED ERROR IN FINES FRACTIONATION AND RETENTICN DATA

Tomp. & Sampla
Loading Standard
Deviation
10°¢c 1.42
25°% 1.03
400°C 1.33
55°¢C 1.47
10°C; Hlank 2.82
0.25# 3.5
0.50# 3.22
0.75# 1.61
25°C; Blank 2.76
0.25% 0.81¢
0.50# 3.28
0.75¢% .17
L0OC;Blank 1.77
0.25# 1.93
0.50# 2.38
0.75¢# 0.975
55°C; Blank 0.020
0.25¢% 0.6Ls
0504 1.09
0.75# 3420

Universal
Standard

Devlation

FRACTIONATION
1,76
1.11
1.63

1.80

RETENTION
4,00
4,34
3.94
1.97
3.90
1.15
4,01
5.11
2,50
2.36

2.92

Best Estimate Sample 90%

of Deviation Confidence

of the Means Limits
1.00 +.2.94
0.421 +.0,818
0.943 +.2.75
1.0 +.3.04
2,82 +17.8
2,50 r7.3
2,28 + 6.65
1.14 +3.33
2.7% +17.4
0.8156 + 5.15
2.32 + 6,77
2.95 + 8,62
1.77 + 11,2
1.36 + 3.98
1.68 +4.92
0.690 + 2,01
0.020 3 0.126
0.455 + 1,33
0.771 + 2.25
2.26 + 6.61
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TABLE IV

CALCUFLATED ERROR IN SURFACE CHARGE DATA

Temperaturse Sample Standard Deviation Sampla Standard Deviation for
and Loadineg for Culloid Titration Ratio Log Colloid Titration Ratio
10°C; Blank 0.093 + 0,051

0.25% 7.14 + 0.74

0.50# 0.773 + 0.30

0.75# 0.418 + 0.bo
25°C; Blank 0.713 4 0.32

0.25% 0.243 + 0.18

0.50# 8.10 +1.24

0.75%# 3.86 + 1,62
4L0°C; Blank 1.02 + 0.51

0.25% 1.23 + 0,64

0.50# 99.1 +9.56

0.75# 6.49 +1.76
55°C; Blank 4.0 +2.39

0.25# 2,70 + k.30

0.50% 1.06 +1.92

0.75# 0.578 + k.16
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FIGURE 7. DSPENDENCE OF ANTILOG OF SURFACE CHARGE ON LOADING
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