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ABSTRACT: This paper presents some experience from using a

cationic polymer—bentonite microparticle retention aid system at

an alkaline fine paper mill. An automatic control system on
white water consistency maintains retention at a constant level
with the polymer. Increase in the stability of the wet end was a
direct result of this control loop. This procedure and access to a
process database allowed identification and analysis of some
important variables affecting retention.
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Domtar operates two paper ma-
chines, No. 7 and No. &, at its

fine paper mill in Windsor, Quebec,
Canada. The machines began opera-
tion in 1987 and 1989, respectively.
They are twin wire Bel Baie IIT ma-
chines. Both are 8.38 meters wide
with 7.67 meters trim at the reel.
The present average speed of both
machines is 1000 meters/min pro-
ducing a monthly average of 1260
metric tons/day (1400 short tons).
Types of paper produced are xero-
graphic, offset, envelope, and forms
with basis weights varying between
59.2 g/glm® and 103.6 g/glm?,

The mill converted to the alkaline
process in the fall of 1991. It oper-
ates with an average of 80% bleached

hardwood kraft (HWK) produced on
site and 20% market bleached soft-
wood kraft (SWK). Since the con-
version, the mill uses a microparticle
retention aid system based on a cat-
ionic polyacrylamide and a modified
bentonite. Other major chemical ad-
ditives are cationic potato starch,
alkyl ketene dimer (AKD) internal
size, and a slightly oxidized starch
with a styrene maleic anhydride
(SMA) surface sizing. The filler pig-
ment used is a precipitated calcium
carbonate (PCC) of various dimen-
sion and shape.

Mill equipment includes an on-line
paper quality scanner (Measurex
2002) and a process control computer
(Honeywell TDC 3000). Optical con-

Bernier is process engineer for Domtar Communications Papers, P.O. Box 1010,
Windsor, PQ J1S 2L9, Canada, and Begin is technical representative for Allied
Colloids, Canada, inc., 4699 Viau Rock Forest, Quebec J1N 2C6, Canada.

sistency sensors (Kajaani RM-200)
which control the retention connect
to the process control computer. The
on-line paper quality scanning sys-
tem controls the amount of pigment
in the sheet.

Objective

The purpose of this paper is to ana-
lyze and show how the implementa-
tion of the polymer control system
on white water tray number one con-
sistency helped stabilize machine
operations at the wet end. This sta-
bility allowed easy analysis of sev-
eral factors that have a major impact
on retention.

This work covers over 1.5 years
of process data. It will show the im-
portance of using continuous data
from databases. Databases are nor-
mally very useful. Here they pro-
vided a better understanding of the
mill procedures leading to optimiza-
tion.

In this text, the term retention
implies first-pass retention. For pro-
prietary reasons, we report the in-
formation as percentage change.

Databases

The results of this paper come from
two databases used at the mill for
the past two years. These databases
were necessary, since the TDC 3000
only conserves detailed data for 96 h.

The first database (PI database)
is on a VAX computer that can
sample any selected variable every
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minute. For every grade of paper
produced, averages and standard
deviations of approximately 100 im-
portant parameters transfer to a see-
ond database. This provides data to
the entire mill information network.

Using these databases and labo-
ratory data, it was possible to ana-
lyze process variables of interest for
the past 18 months.

Microparticle retention system

The retention system on both ma-
chines is microparticle-based. It uses
a high molecular weight (HMW) cat-
ionic polyacrylamide added before
the secondary (headbox) fan pump
and a modified bentonite pigment
added after the pressure screen.

Adjusting the polymer addition
rate and keeping the bentonite at a
constant dosage controls the reten-
tion. Laboratory drainage tests
evaluated the level of bentonite ad-
dition. These determine the bento-
nite demand under various wet-end
conditions. Figure 1 shows an ex-
ample of a drainage curve represent-
ing the bentonite demand.

A Drief description of the
microparticle floceulation mechanism
is helpful. Floeculation occurs imme-
diately after the addition of the HMW
cationic polymer. The shear caused
by the fan pump and the pressure
screen break down the large flocs
into microflocs. The addition of the
bentonite reforms the floes into a
supercoagulated structure as Fig. 2
illustrates.

Retention control system

The two paper machines received an
optical consistency system in 1991.
Figure 3 shows the three consistency
sensors per machine installed on the
headbox and white water trays.
These sensors measure the total
amount of solids and pigments in sus-
pension. This enables the calculation
of total retention and pigment reten-
tion.

The equipment requires regular
supervision. Since it comprises high-
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1. Drainage curve showing the bentonite demand for the microparticle retention system

using modified CSF drainage tests
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precision optical sensors, regular
checks are necessary using TAPPI
Test Method T-240 (1). After weekly
checking, each sensor undergoes
recalibration if the error exceeds
+ 5% for total eonsistency and + 10%
for pigment consistency. Figure 4

shows the differences between the
laboratory consistency tests and
readings of the optical sensors for
tray number one on No. 8 paper ma-
chine between May 1992 and Octo-
ber 1993. Most of the time the results
fall within specifications.



3. Arrangement of consistency sensors on a twin wire paper machine
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4. Variation between consistency values recorded by optical sensors and the laboratory
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After approximately one year of
use on read-only mode, the consis-
tency measuring devices went to au-
tomatic polymer addition based on
the number one tray white water con-
sistency setpoint. There are several

advantages in using one tray consis-
tency as the only control variable (2).
Measuring one tray consistency is
simpler and more accurate, and the
response time is faster. Since begin-
ning this automatic control strategy,

the system has operated reliably. Mill
personnel refer more often to tray
water consisteney than to retention.

Understanding the control system
operation requires looking at how it
maintains the white water consis-
tency setpoint of tray number one
with the polymer dosage as Fig. 5
shows. The consistency setpoint
maintains a variation of £ 2%.

Each time the consistency passes
through the setpoint, the polymer
controller reacts to maintain the
same setpoint. The control program
design provides a progressive ramp-
ing of polymer dosage to prevent wet-
end upsets.

Control of the process can occur
from either of the trays. If for some
reason the system or both tray sen-
sors are faulty, it is possible to re-
turn to an alternate (manual)
operation of controlling the polymer
dosage rather than the white water
consistency.

Since implementation of the poly-
mer consistency control process on
tray number one, the stability of the
wet end of the paper machines has
greatly improved. As Fig. 6 shows,
there has been a major decrease in
consistency variations since control
implementation. The values in Fig. 6
are averages for the consistency of
tray number one for each run of the
same grade on No. 8 paper machine.
The figure compares one period of
four months before the automatic
control to two periods of two months
with automatic control.

Figure 7 shows coefficients of
variation of tray number one consis-
tency for each run of the same grade.
This number is the product of 100
times the standard deviation divided
by the mean (3). Note that the aver-
age for the coefficient of variation
decreased by 65% for the first two
months after the control was in place
and by 74% for the other period of
two months. The larger decrease for
the latter period is due to the spe-
cialization of the machine for a given
grade and setting and following the
control setpoint.
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5. Minute-by-minute data showing the consistency contro! of tray number one with cationic
automatic control, one can compare polymer
white water consistency stability to

process changes by examining the 3 6
second couch roll vacuum. This is an . [ 1

important process variable to paper- i Patymer ] 4
makers. As Fig. 8 shows, the Al 1,

weighted average of the coefficient
for the couch vacuum experienced a
40% decrease after the control imple-
mentation.

It was not possible to look at other
machine-related variables such as
basis weight or humidity, since other
systems control these. The example -3 6
with the second couch roll vacqu;n, ° % % % 12 150
however, clearly shows better ma- MINUTES
chine stability. After the control
implementation, analysis of other
variables became easier.
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When basis weight of a sheet in- 5L
creases, the retention aid polymer
dosage for a given consistency
setpoint decreases. Figure 9 shows dmw
that this conventional wisdom was
the experience of the mill. The only
exception is the 72.2 g/glm® grade
that uses a different PCC pigment
with a higher particle size (LO vs. .30l
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The 72.2 g/m?is the only grade using  tation of the control system

PCC LO. Looking at the difference
between the two types of PCC, one
sees that PCC LO has a smaller sur-
face area than PCC HO as the dis-
tribution curve in Fig. 10 indicates.
Since a particle with a large surface
area is more difficult to retain, it is
not surprising to see the consump-
tion of polymer fall for the 72.2 g/m?
grade that uses PCC LO.

In one instance, an operator re-
placed the PCC HO by PCC LO dur-
ing a run. Figure 11 shows the
results. The polymer dosage de-
creased by approximately 20% with
PCC HO replacement by PCC LO.
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8. Coefficient of variation of second couch roll vacuum 9. Variations in polymer consumption vs.

basis weight
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10. Distribution of surface area for PCC LO and PCC HO PCC HO improves opacity. Since
PCC LO retains easier, it would be
0 interesting to try to replace part of
the PCC HO with PCC LO on grades
i PCC HO . .
where the opacity allows it.
15F
5 | Filler clay
& i The mill has not used filler clay for
§ 10 PCC LO approximately one year. It e.xppeared
& - to be detrimental to retention. Britt
st Jar tests (4) looked at its influence
on retention. Using the mill data-
[ ” ” 0 bases with operational data, Fig. 12
0 bt shows that adding clay to replace
4, . ; . . ! . Y . ) > .
& %8 o 82 4.l T8 16 M2 T4 PCC reduced the pigment retention.
SURFACE AREA, m2/g Replacing the PCC completely with

clay caused the pigment retention to
fall from 73.2% to 27.5%. This leads
11. Influence of the replacement of PCC HO by PCC LO on polymer retention controt system  to the conclusion that clay was more
dosage difficult to retain than PCC.
An understanding of the reason
5 T 10 for clay being more difficult to re-
i / | tain became important. The most sig-
Tray number one nificant difference between filler clay
and PCC is the presence of dispers-
ant in the clay. The on-site produced
PCC has a concentration of 20% and
does not require a dispersant. Pur-
chased clay has a 70% concentration
with a dispersant to keep it in sus-
pension. The influence of the dis-
persant was evaluated using the
P A e L gy Britt Jar with clay (with and without
0 1 2 3 4 5 8 7 8 dispersant). Figure 13 shows the re-
HOURS sults for pigments comprising 70%
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12. Results of Britt Jar pigment retention
tests showing the influence of clay com-
pared to PCC

13. Results of Britt Jar pigment retention
tests showing the influence of the dispers-
ant in clay

14. Weighted averages of polymer dosages
for samples with filler of 100% PCC and with
70% PCC and 30% clay at constant reten-
tion
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PCC and 30% clay reflecting the pro-
portions in use at the time.

Using the clay without dispers-
ant, pigment retention increased
from 46% to 54.2%—an improve-
ment of 18%. The dispersant is a
significant factor that interferes with
retention. Using the databases al-
lowed determination of the influence
of clay in the process. There were
two instances of long production runs
of the same grade with the clay con-
tent being the only difference. The
grade was 67.7 g/m® on No. 7 ma-
chine. There were 13 runs without
clay and 14 runs with an average of
30% clay in the total pigment. Using
atest of a statistical hypothesis about
two means with a confidence level of
95% confirmed the hypothesis that
clay would use more polymer than a
sample without clay. Figure 14
shows the weighted averages for the
two samples.

In another case using manual
mode, an operator added the filler
clay while the run was in progress.
Figure 15 shows the effect of re-
placing part of the PCC with clay.
The consistency of tray number one
went up by approximately 25% when
the operator increased the polymer
by approximately 5%. The clay had
a significant influence on the consis-
tency of white water.
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15. Influence of the replacement of part of the PCC with clay on white water consistency in

the manual mode
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16. Deviation in percentage of polymer concentration compared to the target in a period of

15 months
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17. Effect of changing the polymer concentration from 0.50% to 0.75% on polymer flow ~ Polymer concentration

when the system is under control Another factor that may influence

retention is the variation in the poly-
mer concentration. Regular checks
10 of the concentration occur. Figure
16 indicates the variation from the
target value. The polymer comes in
a solid form at the mill for prepara-
tion on-site at a concentration of
0.50% or 0.75%. In Fig. 16, devia-
> tions from the target vary from -8%
\\4 30 to +16%. This corresponds to a
“© o o . . . ‘ ‘ S 40 variation of 0.46-0.58% on a desired
0 2 4 6 8 10 12 polymer concentration of 0.50%. Be-
HOURS cause of the consistency control loop,
these variations do not influence the
process. The control loop checks to
detect if the polymer dosage is suffi-
18. Influence of the variation in tray number one white water consistency setpoint on the cient to maintain the desired tray
polymer dosage consistency regardless of the poly-
mer concentration.
19 10 To illustrate this point further,
: ] the investigation included behavior
5 of the control system when the poly-
mer concentration changed inten-
tionally from 0.50% to 0.75%. The
graph in Fig. 17 shows this transi-
tion. The figure indicates that the
system holds the white water con-
sistency constant with only polymer
flow adjustment.
N . . ) This does not mean that the varia-
3 4 5 6 7 8 tion in coneentration does not influ-
HOURS ence the measured polymer dosage.
Since there is only polymer flow mea-
surement, the dosage calculation in
kg/ton comes from the flow and the
19. Variation in polymer dosage with the white water conductivity presumed concentration. Since these
dosages are useful for troubleshoot-
ing and setting recipes, there was a
system modification to keep the poly-
mer solution at the same concentra-
tion always.
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Another important factor is the tray
water consistency setpoint. Since
this is the control parameter, the
consistency must always be constant
to maintain a stable retention on each
grade. This results in stability at the
-20 : . - -20 wet end and makes it possible to
optimize other variables.

Figure 18 shows that an inten-
tional variation of 7% of white water
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consistency setpoint affected the
polymer dosage. The consumption
of polymer decreased by approxi-
mately 7%. A decalibrated sensor or
a different setpoint can cause sig-
nificant variations at the wet end.
Regular checking and good mainte-
nance are essential for sensor cali-
bration.

White water conductivity

‘White water conductivity is undoubt-
edly the most influential factor on
retention at the mill. Conduetivity is
a measure of the presence of anionic
materials and dissolved solids in the
pulp. These are the result of inad-
equate washing in the HWK pro-
cess.

Figure 19 shows one day during
which conductivity varied widely
while all other conditions remained
constant. This allowed determination
of the influence of conduectivity on
retention or on the polymer dosage.
This figure represents the situation
frequently seen in the mill that poly-
mer dosage follows conductivity.

Figure 20 records dosages for
polymer and white water conductiv-
ity for the same grade for the months
of October in 1992 and 1993. These
months are significant because there
was a complete shutdown in the kraft
pulp mill then. That meant the pa-
per machines used baled pulp—a
very clean pulp with low conduectiv-
ity. The two lower peaks on the graph
represent the pulp mill shutdown.

In a period of low conductivity,
the figure shows that it is possible to
reduce the polymer dosage by half
compared to periods of high conduc-
tivity. In addition, the demand for
bentonite is lower during periods of
low conductivity.

Conclusion

This study is far from complete. It
only includes examination of a few
factors that affect retention. There
are many others such as the type of
fabrie used, the jet to wire ratio, ad-
justments at the headbox, and quan-
tity of filler used to name a few.
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20. Polymer dosage variation with white water conductivity during the months of October in
1992 and 1993 for the same grade on No. 8 paper machine
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From the work reported here, it
is possible to draw the following con-
clusions:

* The implementation of retention
control enabled the mill to de-
crease the consistency variations
in tray number one by more than
60%. Controlling this parameter
gave a resulting decrease of ap-
proximately 40% in the variation
of the second couch roll vacuum
and more stability at the wet end.
Since the implementation, there
has been an increase in confidence
of the control system. Users call
it “cruise control.” It has passed
its operational test. Today the
operators would never want to
return to the old system.

s The use of the control loop com-
bined with the process databases
has made it possible to analyze
severa) important factors that in-
fluence retention: basis weight,
filler type used, white water con-
sistency setpoint, polymer con-
centration, and white water
conductivity. The quantification of
these factors will now allow the
study of other factors. All this will
help to analyze and troubleshoot
more quickly and effectively the
problems related to retention.

s Thekey findings of this study are
the need to have an effective re-
tention system, the ability to set

it up effectively on control, and
the access to a large quantity of
good process data. This data
should cover a sufficient period to
provide a global view of the sys-
tem. Together with several other
major improvements, the imple-
mentation and fine tuning of the
retention control system has con-
tributed to increased production
by 40% since September 1992.

* This type of work has contrib-
uted to making keywords like con-
trol, database, and stability part
of the everyday working vocabu-
lary of the mill.
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