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ABSTRACT

Optimizing the interactivity of chemicals and presen the wet end has never been our own
target. The technique of the bijective diagramg vegll know in the low consistency refining
process gives potential models. Beyond the proaasddealization of these model
developments, some simplifications have been chwig through judicious approximations
based on the analyst’s understanding of the phenomeetaining only those features in the
model expected to be most relevaljt Among these features, pulp sampling is an ojerat
that usually brings errors and then, misunderstegwdi Fillers, chemical additives, rate of
primary and secondary fines, fibrillation, fibentghs, pulp grade, temperature and pH of the
stock..., are parameters involved in the low conssterefining process and wet end
performance. Freeness, drainage, retention, flationl are other aspects of main interest.
Freeness has no theoretical basis and consequmarthyot be used in a model to predict
drainage on the paper-machine. The specific fittratesistance should be preferably used but
papermakers are so much conservative that it take=y long time to convince them. The
Dynamic Freeness Tester DFT3000 should be thertdsié should meet the conservative
requirements from most papermakers and innovatveathds to optimize the interactivity of
chemicals and process in the wet end. Only somectsjppf this tester will be developed in
this paper.

INTRODUCTION

Over the last 18 years, a major investigation heesnbachieved into the influence of most
refining parameters with a particular emphasis o dptimization of paper characteristics
versus pulp composition, chemical additives, wetl gmocess, and net specific energy.
Refining theories cannot work properly beyond thestrictive frames. The bijective diagram
technique 2) has been applied from 1986 at industrial levelttansposition of the results to
an industrial refining unit was a new challenge.ihvater is a very important factor to be
taken into consideration. Improvement of the teghaimainly between 1986 to 1990 brought
new understandings regarding most industrial parersiePrior transposing pulp results, the
industrial refining unit must be diagnosed and oiog white water must be analyzed.
Investigations have been carried out within thenfeaof our pilot plant and sampling process
was first reconsidered. Then, the concept of a uhyndreeness tester came true. High cost
sensors and complex mechanisms have been ignoredew#r a computerized physical
model permits to reach the required parameter. W@l is minimized to simple mechanical



or pneumatic actions and sophisticated softwarebbas implemented to bring “self version
mode process”. This means that the Dynamic Fre€rester has not to be reconsidered upon
implementation of new functions or further calcidat procedures. Flocculation, specific
filtration resistance, potential zeta, drainagerabgeristic, freeness, compressibility, porosity
are the challenges to meet within short terms. Soinleese parameters are already available,
but many pulp samples must be analyzed and compatiealassical techniques to check the
reliability of the tester.

FIBROLOGIC TECHNIQUE A FIRST STEP IN OPTIMISING
THE WET END

The refining process cannot be ignored when opeyain the wet end and we propose to
introduce some fundamental aspects.

The technique of the “bijective diagrams” calcuthtbrough FRIBROLOGIC lies on some
fundamental theoretical aspects from which hanetspaper characteristics can be predicted
versus plate patterns and specific energy consompin opposition to the classical theories,
the dynamic aspect of rotor bar motion againststiagor in the refiner is reconsidered. As a
consequence, the specific edge load called “referapecific edge load” is given by the
fundamental expression:

S E |_ — 3'Pef'f '(aR + bR)(aS + bS)
% 4p’RPS(R- R’)

(Ws/m) (1)

This formula is only valid for a simple disc refmé&or a double disc refiner the result is twice
less. For a conical refiner the result must be iplylby siny wherey is half the angle of
the cone. The determination of a Specific Edge Lisatb longer dictated by empirical rules
to determine the cutting length, which greatly dejse on methods given by plate
manufacturers. The reference Specific Edge Loattdmeiconsidered as a universal principle
that can be applied to any plate configuration ewban the rotor pattern is different from the
stator one. At this step, angular parameters amdlitiection of the rotation are not taken into
account so ambiguous results are avoided. Thetgffe#fcthe angular parameters must be
considered as another step. The cutting aggie , whjch is a saw tooth function depends
on the grinding and sector angles. The effectivérguangle, which is the root means square
of the functiong(ut )gives a good solution to integrate the angulaampaters. Energy per
crossing point is also a function of the effectiwtting angle.

In practice, the Reference Specific Edge Load aedeffective cutting angle, which is more
accurately represented by the star angle givehéyarmula:

sin(gr)= %%) “sin@+b+0 )

play the main role in the determination of pulp relcéeristics.



In the formula,a and 6 stands for the rotor and stator grinding anglgsis the sector

angle. This formula is only valid for sectorial @seudo-sectorial configurations. The
extension of the reference specific edge load & global specific edge load through the
gamma star formula is not an analytic function awtsequently can be achieved only
through numerical processes beyond the frame sfpduper. Nevertheless, prediction of hand
sheet paper characteristics cannot be directlyeaeli through plate pattern parameters. Pulp
characteristics must be first predetermined. Flbagth distribution versus the net specific
energy is a rational function however is the plaagtern. As far as freeness or slowness are
concerned, it is not possible to find such repredgem. Actually, freeness and slowness have
no theoretical basis, so it is evident that modela not possibly be built up.

The specific filtration resistance SFR is the maamameter to predetermine paper hand sheet
characteristics. This theoretical concept is nadt gecepted by most papermakers, so an
approximate relation °SR(SFR) must be develoggd (

Let us examine the situation in a Schopper-Rietgster through the filtration equation that
can be written:

V=- E rgh (3)
VI

where v stands for the drainage flow rate per are (m/s) , p for the dynamic viscosity of
the suspension, that i0*Pa.s, r for the specific mass of the suspension that fdik3 ,
9=9.81 m/s2 and h for the water height (m) aboeevitre of the tester.
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From the filtration formula, k is the conductancactbr that is reverse to the drainage
resistance.

We have at first approximation% =r,, +SFRg in which r, is the drainage resistance of the

wire and g is the mass of the fiber web per unitage of the wire in kg/m2. Let, the pulp

consistency in the drainage chamber.
The mass conservation equation can be wriger the figure aboye

Sg :C1(h0 } h)S (4)

The fiber web on the wire have been ignored at fipproximation.
_rg h

Thus (3) and (4) give: % S (5)
M +SFRe,(h, - h)>
S
. ... dhs
The drainage flow rate can also be written= - ats (6)
S
r,S
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Then (5) 6) 95 dt=SFRe,> 120 _gh (7)
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At this step we can introduce non-dimensional patam
Let R, = fwS (8) H :ﬂ (9) and consequentlgH =@
SFRc, Sh, h, h,

From (7) we can write:

2
) S gi=1- PR gy (9
mSFRS ¢, Sh,

Let m, the initial mass of fibers that is, =c, Sh, (10)
We can introduce another non-dimensional parameter:

rgs’

= (11)
mm, SFRS

(9) dT = 1- % dH (12)



: . : T H 1+ R,
By integration we obtain: . dT = . 1- dH

Then T=(H-1)- (1+Ry)In(H) (13)

The drainage flow through the fiber web is decregsvith the time elapsed and vanishes to
zero. At this moment, there is no more flow thouigé lateral opening but only a flow q in
the calibrated opening. As a consequence we cda:\Wr=sVv.

Let h,,, the relevant height of water at this moment.
From (5) we can write:

rg
a4 " (14)
m' ¢ sERe, S 1. Mime
hy S hy
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Let us introduce the non-dimensional flow such as:  Q :nS—chS
rgs
H, .
(14) Q = lmi
1+ R, - Higi
i Iy = Q
and finally we have:|Himit 1+Q(1+RN) (15)

The time elapsed to achieve the °SR measuremgitas by (13) wherH = H

limit *

From (13) and (15) we have:

1+Q N R,Q-1
+R,)  1+Q

(16)

Ten =1 |
s (+Rw)nQ

The flow g through the calibrated opening can bHeutated according to Toricelli law, that

is:
q=sc+2gh (17)

where s stands for the section of the calibrated openmi)td the height of water above the
calibrated opening. For the Shopper-Riegler tagtehave :s = 4210° m* , '=4010°m

and c=1. We find g = 3.766 ml/s.
The volume of water collected from the vessel beflogvcalibrated opening is:



Ve :S(ho - hlimit)' qt (18)
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Let us introduce the non-dimensional paraméfer= (29)

0

We obtain: V. =(1- R, Q)+(1+R,)QlIn Q(11+§W) (20)

By definition we have’SR=100(1- V) (21)

And finally we obtain:  °SR=100 R\Q+1+R.)QIn 5(11:%) 22)

From the °SR formula we can determine the non-dsioeral flow Q and an approximation of
the specific filtration resistance.

Reciprocally, the rational function SFR versusrbespecific energy for any plate pattern can
be turned at first approximation into a more compienction of the °SR versus the net
specific energy. When a good laboratory operatanesisuring the slowness (°SR) of a pulp
sample and if he repeats this test 10 or 20 tirhesyill get a dispersion of 2 points as a
minimum. For many reasons beyond the frame of pliger, slowness is not an accurate
measure so the approximate equation (22) is aduepta turn SFR into °SRvithin the
frame of paper characteristic predetermination To optimize the interactivity of chemicals
or process in the wet end, accurate determinafidineospecific filtration resistance is a must.
Actually, when the pulp is not refined, only prijpdmes lie in the stock. When the pulp is
refined, secondary fines are produced. The secyniila@s have a higher hydrodynamic
specific surface and consequently a larger negatifect on dewatering compared to primary
fines. Fibrillation is also another factor to altére hydrodynamic specific surface. Thus
drainage characteristics greatly depend on thaingfiprocess, that is how and how much
pulp has been refined. Now, drainage character@$ic depends on chemical additives. If a
cationic flocculant is added to the stock, the lbggnamic specific surface of the secondary
fines only could drop drasticallglépending how the flocculant is addi@thereas there is no
appreciable action on the primary fines. Fines halge a high water sorption capacity and
chemical consumption is increasing with fine pradut On the other hand, fines improve
printing and optical properties of the paper, sarthetention must be optimized. Actually, the
refining process is the first step in optimizing timteractivity of chemicals in the wet end.
Under the same freeness level, the interactivitycbémicals could be very different
depending on the rate of fibrillation and the ratesecondary fines produced by the shearing
action of the refiner bars. These actions greadpetid on pulp composition. From the
bijective diagram technique, stock characteris{fteeness, flocculation, fines production,
fibrillation, ionic demangl can be anticipated, then chemical additives canoptimized
versus required paper characteristics. We did seor& directly for paper-mills, mainly for
the production of tissue paper. Now, white watet atock temperature are parameters to be
directly taken into consideration in a pilot plaActually, under the same effective power
applied on a well determined refingpldte patterns have been considéeretthe clearance
(gap) depends on pulp viscosity that is temperaturesistency and chemical composition?



DESCRIPTION OF THE DYNAMIC FREENESS TESTER

At this step, the process to measure the slowrees®e described without so far mentioning
the dynamic aspect of the results. From a greatbeurof laboratory trials we learnt that a
pulp sample is not very homogeneous and this ctactathe result given by any tester.
Actually if we consider a pulp sample in a vessieg slowness of this pulp sample is the
average slowness of smaller samples distributeldinvihe vessel. To obtain accurate results,
the involved volume of the sample to be analyzesukhbe one liter approximately. This
sample must be permanently stirred in such a wagdoh a good homogeneity. The velocity
and the shape of the agitator have been deterniinpbduce such homogeneity whatever is
the pulp grade under any consistency ranging frong/2to 50 g/l. The DFT 3000 cannot

work properly beyond these values. The figure bedtwaws the sampling chamber aside the
dilution chamber.

The principle consists in taking a pulp sample friiva sampling chamber into the dilution
chamber. This operation must be achieved to genaistency of 2 g/l exactly in the dilution
chamber whatever is the pulp consistency from 2B80tg/l. Expensive consistency sensor is
not required. Actually the consistency of the pafmple is supposed to be approximately
known that is often the case in practice. To sutaeehis difficult operation a pulp extractor
must be implemented. This extractor looks like @angye as depicted below. This syringe has
been shaped to preserve the pulp consistency ddnegoulp transfer. This was a very
difficult challenge and one understand that detedanot be unveiled in the frame of this
paper. Actually through this challenge, we learntclh more about flocculation. There are
some relationships between the shape of the syrithgevelocity of the piston, the pulp
consistency and the rate of flocculation. Fromrtien control program extraction of 2 pulp
samples from the sampling chamber under differemampeters is enough to determine an
index links to the rate of flocculation of the pymde.



The stroke of the piston will be calculated by oantrol program versus pulp consistency in
order to reach the targeted consistency of 2 gthendilution chamber. In the same way the
volume of water flowing inside the dilution chamidesm the inlet pipe is calculated versus
the volume of pulp sample in the syringe to reaeh liter. This method gives good results
but corrections must be anticipated. Actually thialtvolume in the dilution chamber ranges

from 990 up to 1010 ml and pulp consistency fro801up to 2.10 g/l. The corrections of the
volume and the consistency is achieved throughipalysiodels based on the results given by
some sensors. This solution sounds to be the leHttd avoid the implementation of a
consistency sensor in the dilution chamber. A teaipee sensor is located in the dilution
chamber for correction through the main controlgoamn. When the pulp sample has been
taken by the syringe, the later moves on to thatidih chamber to discharge the pulp sample
meanwhile water is flowing from the inlet pipe. Adlong this cycle the pulp is strongly
agitated by air stream coming from below. It isupper importance to maintain this agitation
long time enough to produce a good dispersion efflibcs. At this step, the slurry is poured
down into the drainage chamber of the tester. Tiheed sample must be free from air after
agitation. When some chemical agents fix air bubbleechanical agitation must be
imperatively considered.

The flow from the dilution chamber to the drainagp@mber is also controlled.



This item is exactly similar to a classical tesemcept for the wire. Actually the system
consists on a rotor on which lies 4 wires accordmthe standard TAPPI for °SR. The rotor
is controlled by the main program from the integdatomputer. A new wire, duly cleaned, is
locked below the drainage chamber. Once the measmteprocess is finished, air under

determined pressure is blowing on the fiber webindua time under control of the main
program. Then, the wire is unlocked from the drggnahamber and rotor is moving along to
position the new wire previously cleaned underdrenage chamber ready for the next test.
Cleaning and calibration of the tester are autarn&talibration is undertaken during cleaning
operations.



Two vessels are located below the spreader cowelkect water. The volumes of water in
each vessel are determined versus the time by we&isors. The data from the sensors are
treated through electronic input/output system sentl to the main program in the integrated
computer. At this level, the signal is filtrateddacorrected versus inertia forces, temperature,
volume of water and consistency. To manage thidistpated process, the sensors must
deliver various pieces of information. First, tr@ume of water in both vessels as a function
of the time elapsed is delivered to a specificirmutinked to the main program. The last drop
of water pouring into the vessel below the calibdabpening is detected and then a signal is
given to blow air into the drainage cylinder. Thegsure of the air and the relevant duration
of this operation is under the control of the mpingram. As a consequence, more water is
pouring down into both vessels and the sensors these data to the integrated computer for
further treatment. These data will be necessayritogy the required corrections. Then, the
wire is unlocked from the drainage chamber, theselssare cleaned out from water and
weight sensors are recalibrated. The relevant iwireoving away from the drainage chamber
and fiber web can be collected or automaticallyetakut during the cleaning operations.
Then, a water test is executed to control the sysiad to deliver more data to the main
program for further processing. The drawing herlewagives a general representation of the
dynamic freeness tester.
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In the lower stage we find, the weight sensors viiesels and the pneumatic control box. On
the next stage we can see the rotor with its fomesvand its driving motor, the drainage

chamber and the cone just below. On the next stagean distinguish the sampling and

dilution chamber in front and behind lies the alecic control box. Finally on the top stage

we can see the syringe. The integrated computéersimat represented on this view is located
on the top stage.

THE DYNAMIC CHARACTERISTICS

So far, the DFT3000 has been shown as an automeater. At this step we can guess how
accurate and reliable are the results given framapparatus. A first class operator could not
reach this level of performance and efficiency vétblassical laboratory tester. The DFT3000
Is independent of the handling operations, thelt@swe automatically registered and could
be processed by any private program or by intedgrafBVIEW routines. The time involved
to carry out a test is very short compared to atakgesters, there is no long and tedious
corrections to be brought about. Much more accynaeich more reliability, time saving, self
data processing are only a few assets of the DFID.3Actually, the DFT 3000 can meet
many more requirements and open the door to manwyr@search topics. This tester has been
tailored first to measure the specific filtratiossistance SFR and the rate of flocculation of
any pulp composition. To meet this request, thevséss will be determined under different
conditions. The first test will be done accordimgTiAPPI standard, the second test will be
carry out under specific driving conditions of thginge. Let°SR and °SR respectively the

results given by the tester. WhéBR =°SRthis means that there is no flocculation at all.
When °SR, =0 that cannot arise in practice, it should méwat tthe pulp sample is like a one

big floc and consequently the flocculation is maximm From these simple considerations, we
define the rate of flocculation by:

=SR-SR (23)
F °SR

At this step, the flow through the fiber web iswased to be laminar and the pressure gradient
across the mat and the SFR must remain constaotdacg to restraints of Darcy’s filtration
formula. The SFR also depends on the pressureegraaind pulp consistency (3). So far, the
SFR has been determined in agreement with the atasdor a Shopper-Riegler meter.
Without any material implementation, this standaah be modified through the main
program. The pulp consistency can be altered aeslspre gradient can be increased during
the filtration process thanks to the air blowingei A pressure sensor can determine the
pressure gradient throughout the test. The facterakso considered as a linear function of the
specific filtration resistance related to the dagje resistance of the wire. Further physical
relations can be developed thanks to the dynanocess. Let us proceed to some of the
fundamental formulations from which new parametsrdurther corrections can be built up
to maximize accuracy and reliability of the tester.

Let us examine the figure on page 3. We can witdu(ne conservatigrat any time t:

sg(t +dt)

590 _ st + a) +

m m

Se(t) + +svt)dt  (24)
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d
or: Sde'l'SC—g:- VSdt (25)

m

where c, is the density of the fiber web (g/cm3) and the drainage flow rate (cm/s). The

density of the fiber web is considered as constaniong as the diluted pulp sample is
homogeneous.

We have alsoh(t) = e(t) + ? (26)

m

(26) dh=de+39

o (27)

We can also writémass conservatigrat any time:
Scie(t)+sg(t)=Sae(t+dt)+sg(t+dt)+sv(t)co(t)dt  (28)

where Co stands for the consistency of the discharged fimm the wire. This discharged
flow only contains some fines and this consistasajose to zero.
From (29) we can write:

aSdet gg=- vsodt  (29)

C
(25)(29) 1- C—l dg = v(c,- ¢, )dt (30)

m

S 2 G (e n()s

c
1--2L s
c

(30)(6) (31)

m

taking into consideration th& <<<C

From this later expression, the density of therfibeb (kg/m3) can be determined.

In fact, at the end of the measuring process ofstbeness, it exists some residual water
inside and above the fiber web. This residual watemply means that the function h(t) is

decreasing to a minimum value called residual heilghmeasured from the bottom of the
wire. If the fiber web is dried, its thickness shible lowered by the quantity of water

extracted by the heating process and occupyindirdcizal volume of section s. This simply

means that the relevant density gr of the fiber wgelis mass m divided by the section s.
Under these conditions, from (31) we can write:
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Cm = 5 (32)
m = c,S
1- L h, - h
grS(O r)

The heighth, is given by the total volume V divided by the sactS. Under the Schopper-
Riegler standards, the volume V is supposed toQ®® Inl with S =15102 m2 that gives
h,= 6810°m. From s =102 m2 the ratio S/s = 1.5. Under normal operatioms,density of
the fiber web should range from 25 up to 40 kg/m3.

The consistencyc, is the mass of the dried fiber web divided by tr@ume V. This

consistency should be 2 g/l in keeping with thedéeds.

Finally the residual height is given by the DFT308{s the density of the fiber web can be
easily calculated. This density is delivered byttdster.

The tester delivers also the dynamic charactemggten by:

V)=V, v, () =Sl - h(t)  (33)

c
s 1--1

C m
(33)(31) V(t) R (t) (34)

from which g(t) and then h(t) can be plotted.

The Darcy’s law can be written:

glt) _ Sdhlt) (35)

from which the filtration resistance 1/k(t) cangdetted.

This differential equation is not analytic and ceasently the dynamic freeness characteristic
must be considered.

Let us depict the process through an example. lLed 8rst sample of refined pulp analyzed

by our dynamic freeness tester. The tester givesdimamic drainage characteristic from

which the °SR can be calculated. The dynamic volomeater is the second vessel is also
delivered (the curve below). The slope of thisdattharacteristic should be 3.77 mi/s in

keeping with Toricelli law and the diameter of tieéevant calibrated opening.
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the time required to get the dynamic characterfstichis sample is 160 sec. This time greatly
depend on the drainage characteristic of the pardmpte.

The final water volumes in each vessel are respegtb16 ml for the freeness and 395.4 ml

in the second vessel. Then air is blowing from abihe fiber wet under a calibrated pressure
of 1 bar during 13 seconds. More water is pourm@path vessels and the tester delivers the
new final volumes that are respectively 562.1 nd 409.4 ml. The initial volume measured

by the tester was 998 ml, so it means that 99862(1 + 419.4) = 16.5 ml of water has not

been extracted whereas (562.5 — 516) + (419.4 -489570.1 ml has been extracted during
the blowing process. From the blown volume andrésdual water, the residual height hr

can be calculated. The tester gives hr = 5.17 mm. t€ster also calculates the dry weight of
the fiber web that is 1.97 gr in our example. Ugbase considerations and applying the
formula (33) we can determine the density of theffiweb.

. 1,974 _
Cm=1-15(0.68- 0.0517 ) =~ 343kym3

Now by adding both dynamic characteristics andufho(35) the characteristic g(t) can be
plotted.
We can easily demonstrate:

1. 19 cm S ¢C  Cnm
K m 1 4. & dg (36)
C, Cm dt
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from which SFR can be determined.

INTERACTIVITY OF STARCH IN THE
WET END

The strength of paper can be enhanced by optimitiegrefining process, by raising the
proportion of long fibers, by reducing the fillesrdent, by improving the homogeneity of the
web but also by adding dry-strength chemicals sashstarch, carboxymethyl cellulose,
synthetic polymers,...

Nevertheless, the refining process should predomires long as its negative effects
depending on paper grade requirements can be aldidem lack of good knowledge of this
process, mainly at industrial level, most refiningits are far from being optimized and
chemical solution is generally a good issue. Adyadtrength properties versus optical
properties and porosity could be increased fronp 50u30% depending on pulp composition
and the state of the industrial refining units withaltering the pulp composition. This extra
saving potential is usually ignored by most papdw@nsa Actually, the refining process seems
to be a deep mystery that everyone does not dareveil. Starch is the third most important
additive in papermaking after fibers and fillersdda still the most widely used dry-strength
additive @). As a result of its charge, cationic starch inveodewatering. The more cationic
the starch is, higher is the dewatering improvemidatertheless, the involved binding water
action that depends on the degree of substituix®) of the cationic starch could surpass the
effect of dewatering. We propose to analyze theas&ufes with our dynamic freeness tester.
This very first example augurs well to achieve Hert investigations from which practical
results can be determined to optimize the interdigtbetween chemicals.

Let us consider a refined kraft softwood. The MakRalysis gives a weighted average length
amounting to 1.690 mm with a percentage of 20.31%ngth of fine elements.

The dynamic freeness tester delivers the dynanaimage characteristics given below.
The final volumes in each vessel are respectivéty &d 395.4 ml. After air blowing during

13 seconds, extra water is poured down into bo#sels to reach respectively 562.5 and
419.4 ml.
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As a consequence (562.5 — 516) + (419.4 — 395.4)0.£ ml has been extracted during the
blowing process. The dry weight of the fiber welblcakated by the tester is 1.97 gr. The
slowness is 48.4 °SR.

Then, the dynamic pressure characteristic showsgltine air blowing process a rise of the

pressure above the fiber wet from 0.2 to 0.53 Isaa anaximum after 1 second. Then, the
pressure is decreasing slowly while dewateringoachas taken place. The pressure drops
sharply first, to be stabilized after a total time6 seconds to 0.36 bar. The shape of this
characteristic, the top and stabilized pressuresparameters of importance to analyze the
drainage characteristics and the wet porosity efither web.

Now, let us add 1% of cationic starch to this refirpulp.
We have used HICAT 260 with D.S. = 0.03. The stdrat been duly diluted in clear water at
25°C and then added to the pulp. The stock has laggiated to get a homogeneous
composition. The final consistency of the pulp \8asy/I.
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The dynamic freeness tester delivers the dynanaimage characteristics given below.

The final volumes in each vessel are respectivdl§.s and 370.4 ml. After air blowing
during 13 seconds, extra water is poured down liotth vessels to reach respectively 584.0
and 392.4 ml.

As a consequence (584.0 — 546.4) + (392.4 — 37#59.6 ml has been extracted during the
blowing process. The dry weight of the fiber wellcakated by the tester is 2.01 gr. The
slowness is 45.3 °SR.

Then, the dynamic pressure characteristic showsgltine air blowing process a rise of the
pressure above the fiber wet from 0.2 to 0.56 saa amaximum after 1.3 second. Then, the
pressure is decreasing slowly while dewateringoachas taken place. The pressure drops
sharply first, then smoothly to be stabilized atidotal time of 8 seconds to 0.38 bar.

Now, let us add 2% of cationic starch to this refirpulp.
The dynamic freeness tester delivers the dynanaimage characteristics given below.
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The final volumes in each vessel are respectivély.5 and 361.0 ml. After air blowing
during 13 seconds, extra water is poured down lioth vessels to reach respectively 599.5
and 381.4 ml.

As a consequence (599.5 — 557.7) + (381.4 — 3&16D.2 ml has been extracted during the
blowing process. The dry weight of the fiber wellcakated by the tester is 2.03 gr. The
slowness is 43.8 °SR.

Then, the dynamic pressure characteristic showisgitine air blowing process a rise of the

pressure above the fiber wet from 0.2 to 0.57 Isaa anaximum after 1 second. Then, the
pressure is decreasing while dewatering actiontélesn place. The pressure drops sharply
first, then smoothly to be stabilized after a tdtale of 8 seconds to 0.42 bar.
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Now, if we summarize the results given by the DyitaRteeness Tester, we have:

Slowness (°SR) 48.6 45.3 43.8
Water extraction (ml) 70.1 59.6 62.2
Residual pressure (bars) 0.36 0.38 0.42
Mass of the dried web (g) 1.88 2.01 2.03
Starch content (%) 0 1 2

When cationic starch is added to a refined softwpalp dewatering is improved and the
slowness is decreasing. Anyhow, the drop of theniséss greatly depends on the pulp grade,
fiber bonds and the rate of secondary fines amaingr gparameters. Normally, the dosages of
cationic starch ranges from 0.2 up to 2% of wet solitls. Under 1% of starch, absorption
should be completed, then beyond this dosage aimogould be less than 100% depending
on pulp composition. In this example, there arey ditlers and fines so the absorption should
be important even under a dosage of 2%. Water aidraduring the air blown pressure is
lowering when starch is added. Nevertheless watiemtion seems to be limited when the
dosage reaches 1%. Starch binds the fibers ansl fivaee tightly, the porosity of the paper is
decreasing and as a consequence the residual ygréssacreasing while starch is added to
the stock. When adding starch, less water is cagthy the syringe so the mass of the dried
web is increasing. This means that starch hasteonamn flocculation.

At the time this paper has been written, the adeudatermination of the specific filtration
resistance and the dynamic drainage characterisfiahe fiber web during the blowing
process was not yet available. It is evident theg tesults given from this very first
experiment bring a lot of enthusiasm and shoule &ivth to models regarding drainage, and
retention versus chemical additives.

Same trials have been carried out with the unrdftsieach softwood kraft pulp.

We got the results depicted in the table below.

Slowness (°SR) 14.6 14.4 14.4
Water extraction (ml) 53.1 50.0 49.6
Residual pressure (bars) 0.25 0.26 0.26
Mass of the dried web (Q) 2.04 2.05 2.05
Starch content (%) 0 1 2

There is no significant variation which means thatrefining process is a main parameter.

CONCLUSION

The main purpose of this paper was to introducedgeamic freeness tester as a laboratory
apparatus from which further investigations carcéeied out. Further implementations such
as CSF standard tester that could be implementedée &z °SR standard tester, waveform
pressure generator, agitation of the stock in $lader, Zeta potential sensor, ... can be
contemplated.

Nevertheless, the dynamic drainage characteristies, rate of flocculation, the specific
filtration resistance, the dynamic discharge charatic from air blowing action, the relevant
dynamic pressure characteristic, the mass of tiegl dveb versus chemical additive content
should bring better understandings of the intevagtiof chemicals in the wet end. The
refining processH) and pulp composition must be integrated in thiesestigations. We
should be in a position by the end of this yeacdtect important results from which an on
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line DFT3000 could meet a great number of requirdmeegarding the optimization of the
wet end.
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