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Test defoamers using the process liquid of the mill concerned
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ECENT YEARS have seen a rekindling
Rgf interest in the use of water-
A ased brownstock defoamers in
the unbleached area of kraft pulp mills.
This has been motivated partly by the
unfortunate tendency of oil-based
defoamers to deposit [1], especially if
used at higher than average feed rates
(average = 0.9 kg/t [2]). Another factor
has been the wish to avoid the possibility
of introducing chlorinated dioxin precur-
sors with defoamer oils [3,4], although
most defoamer manufacturers are now
using oils free of these contaminants.

For many defoamer manufacturers,
this has meant re-introducing to the mar-
ket old formulations, usually involving sil-
icone oils, that were used in unbleached
stock before the advent of the more cost-
effective oil-based defoamers [5]. Other
manufacturers claim to have made sub-
stantial improvements in the technology
of water-based defoamers [e.g., 6,7]. The
question remains, however, whether water-
based defoamers are actually as cost-effec-
tive as oil-based ones in combatting foam.
Certainly, avoiding the petroleum oils of
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conventional brownstock defoamers by
resorting to a water-based technology is a
sound approach to circumventing the
dioxin precursor problem.

Nevertheless, our laboratory experi-
ments have indicated that some water-
based, silicone defoamers deposit even
more readily than oil-based ones [8].

The objective of the work presented in
this report is to determine with a labora-
tory defoamer testing apparatus how
effective water-based defoamers are at
combatting foam, relative to oil-based
defoamers. The apparatus used consisted
of a reservoir for the foaming solution
(e.g., diluted kraft black liquor) and a
recirculation line through which it was
pumped and re-introduced into the reser-
voir via a nozzle pointed into the liquid
surface so as to entrain air, Fig. 1. Several
other techniques exist to test for foaming
and the efficiencies of defoamers. These
include the Ross-Miles foam tester [9],
which does not work well for oil-based
defoamers and a method which uses a
sparging unit in the foamant [10]. The
method that we used is employed widely
by defoamer manufacturers and suppliers.

Four different kinds of brownstock
defoamer are presently manufactured
[5,11-14]: oil-based, water extended,
water-based (containing > 50% water),
and water-based (no oil). To be cost-effec-
tive, they must be efficient both at destroy-
ing foam (defoaming) and at preventing
foam formation (antifoaming). The
defoamer tester employed in this work
enabled both of these aspects to be evalu-
ated for each defoamer. Seven defoamers,
encompassing the three most commonly
used kinds of defoamer were examined.

xrerimentar

Materials: Kraft black liquor was obtained
from the pilot plant digester from cooks
of lodgepole pine, Table 1. Prior to use it
was filtered through a 200-mesh screen.
Defoamers, both oil-based and water-

based, were kindly supplied by several manu-
facturers. Further information on the seven
defoamers tested is provided in Table I1.
Many defoamer suppliers use syn-
thetic black liquor for preliminary in-lab
trials and quality control before going to
the mills. A typical formulation for syn-
thetic black liquor includes 3.5% ligno-
sulphonate, 3.5% detergent and 3.5 %
sodium carbonate in water. A 2% solution
of this in water was used in the aerator to
provide a stable and reproducible foam.
Defoamer testing apparatus: The
defoamer tester, Fig. 1, was built using a
design kindly given by B. Lajambe of Buck-
man Laboratories. It consisted of a glass
cylinder (graduated in mm) attached to a

TABLE |. CHARACTERIZATION OF
LODGEPOLE PINE KRAFT BLACK LIQUORS.

Length of cook {min) 189
Temperature of cook (°C) 171

H Factor 1.84x10°
oH 13.1
Kappa Number of pulp 317

% Solids 14
Concentration of lignin {g/L)  54.2

TABLE Il. DEFOAMERS TESTED.
Defoamer Description

A Water-based, containing
silica parficles.

B Water-based, no
hydrocarbon oil.

C Water-based, containing
silicone oil.

D Water-based, containing
silicone oil.

E Qil-based, hydrophobic
silica plus amide wax
particles.

F Oil-based.

G Oil-based.
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FIG.1. DIAGRAM AND PHOTOGRAPH OF THE LABORATORY DEFOAMER TESTER. IN THE INVESTIGATION, THE PROVISIONS FOR INJECT-

ING AIR FROM A TANK WERE NOT USED.

reservoir. The design was modified slightly
to provide a column of steady foam with
which to make reproducible measure-
ments at constant temperature.

The idea for the shape of the glass
reservoir was obtained from conversa-
tions with R.E. Patterson of PQ Corpora-
tion and from one of his publications
[15]. A gear pump was used to provide
constant circulation of the black liquor.
Stainless steel tubing was used for con-
nections to the pump. Elsewhere, Tygon
tubing was used. A Baldor (Baldor Elec-
tric Co., Ft. Smith, Ark.) dc motor (187
W) fitted with a Beel control box (Series
600, Beel Electronics, Montreal) was
found to provide reproducible output.
Method: Prior to all experiments, water
was added to the apparatus using a hose
attached to the top of the reservoir and
the motor was allowed to run for at least
5 min. The water was drained from the
reservoir and the side arm for 5 min. It
was important to be consistent as there
was always a certain small amount of
water trapped in the aerator. The drain
was closed after 5 min. To the apparatus
in Fig. 1 was added the foamant (600
mL), for example, 10% kraft black liquor
in deionized water previously heated to
the desired temperature. For most exper-
iments a temperature of 60°C was chosen
as representative of the temperatures
occurring in the washers. Higher temper-
atures do occur in the early stages of
washing; however, this was the most easily
attainable temperature with the tester.

The black liquor was added slowly
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FIG. 2. TEST FOR REPRODUCIBILITY OF FOAM HEIGHT DURING THREE RUNS WITH A 2%

AQUEOUS SOLUTION OF A SYNTHETIC BLACK LIQUOR.

down the sides of the reservoir to pre-
vent foaming. The black liquor was equi-
librated in the thermostatted column for
5 min. For a foamant to be effective it
was necessary that the foam build up in
areasonable time which was measurable,
generally of the order of at least 200 sec-
onds to reach a foam height of 300 mm.

This was rapid but it gave easily measur-
able times when defoamers were added.
Otherwise, large errors are introduced.
For synthetic black liquor, a 2% blend was
found to be useful, while 10% aqueous
solutions of kraft black liquor from white
spruce and lodgepole pine were found to
provide reproducible results.

To conduct a run, the pump speed set-
ting was adjusted (e.g., to 50%). The timer
was started after the foam had built up to

34 < PULP & PAPER CANADA 95:1 (1994)

100 mm, at which time the defoamer was
added under the shower using a Hamilton
10 pL, Model 701 syringe without a needle
(10 pL was used unless otherwise speci-
fied, corresponding to a 0.8 kg/t
defoamer feed rate at 2% pulp consis-
tency). This method allowed measure-
ment of the defoaming action (the ability
of the defoamer to destroy already estab-
lished foam) and also measurement of the
antifoaming efficiency of the defoamer
(or foam prevention ability). Duplicate
experiments were carried out in all cases.

At the end of each experiment, the
apparatus was rinsed with copious
amounts of water by circulation through
the side-arm and the tubing to the shower.
When defoamer was used, the apparatus
was rinsed with water, then with 10% sul-
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phuric acid, followed by more water. This
was repeated until the aerator was clean.

Immediately after the construction of
the defoamer testing apparatus, initial
experiments were performed to cali-
brate the pump and to determine the
effects of pump speed, pH, and temper-
ature on the foam formation of 10%
black liquor in deionized water, and on
the defoaming and antifoaming efficien-
cies of defoamers. The results are
reported in the Appendix*. The output
of the pump, measured at the nozzle (7
mim i.d.), was a linear function of the
pump speed setting from 20 to 100%. At
the 50% setting, the flow rate of water
was 50 mL/s (Appendix).

Qisuus & DISCUSSION

Reproducibility: The build-up of foam
occurred in spurts rather than as a con-
tinuous process. The defoamer tester
was checked for its reproducibility using
both synthetic black liquor and kraft
black liquors, diluted with deionized
water, to 2 and 10%, respectively. Excel-
lent reproducibility was obtained using
synthetic black liquor, Fig. 2.

However, if the time to reach an arbi-
trarily chosen foam height, such as 250
mm, was used, as is often the case in indus-
try, then a 10% difference in foam heights
was obtained. This may go as high as 20%
when kraft black liquor is used, Fig. 3.
Good reproducibility was obtained with
defoamer. In all cases, duplicate experi-
ments were carried out for each run.
Comparison of performances of water-
based and oil-based defoamers: The
defoaming and antifoaming efficiencies
of the defoamers in 2% synthetic black
liquor are shown in Fig. 4. The defoaming
efficiency or foam knock-down is defined
as the ability of the defoamer to destroy
already formed foam, which occurs
immediately on addition of defoamer.
The foam then builds up again. The abil-
ity of the defoamer to retard this build-up
is defined as the antifoaming efficiency.

In 2% synthetic black liquor, two of
the water-based defoamers (C and D)
demonstrated the best defoaming effi-
ciencies. Defoamer A did not show any
defoaming or antifoaming action at the
chosen concentration of addition. Dou-
bling the amount of defoamer A

- improved the defoaming efficiency;

however, it did not prove to be as effi-
cient as the other defoamers under
these conditions. Oil-based defoamer E

* All of the information contained in the
Appendix is available from the Technical Sec-
tion, CPPA, Databank on request, free of
charge. Alternatively, this paper has been
printed, complete with Appendix, in the
preprints of the 79th Annual Meeting of the
Technical Section of the CPPA.
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FIG. 3. TEST FOR REPRODUCIBILITY OF FOAM HEIGHT DURING FOUR RUNS WITH A 10%

AQUEOUS SOLUTION OF A KRAFT BLACK LIQUOR.
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FIG. 4. FOAM HEIGHT AS A FUNCTION OF TIME FOR THE SYNTHETIC BLACK LIQUOR,

ALONE (BLANK] AND WITH VARIOUS DEFOAMERS.
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FIG. 5. FOAM HEIGHT AS A FUNCTION OF TIME FOR THE KRAFT BLACK LIQUOR, ALONE

(BLANK) AND WITH VARIOUS DEFOAMERS.
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proved to be the best defoamer at main-
taining low foam heights but it did not
have as good a knock-down ability as did
water-based defoamers C and D.

The completely oil-free defoamer B
had poor knock-down but had similar
antifoaming efficiencies to defoamer D
up to 300 s. Thus, in this set of experi-
ments the best knock-down of the foam
was obtained with silicone oil-containing
water-based defoamers C and D.

Similar experiments using 10% lodge-
pole pine black liquor, Fig. 5, demon-
strated that there was very little differ-
ence between the water-based defoamers
tested, that is, defoamer A containing sil-
ica particles and defoamer B with no oil.
The water-based defoamers studied
demonstrated excellent foam knock-
down in the first 50 s, Fig. 6, but they did
not appear to be as effective antifoaming
agents as oil-based defoamers E, F, and G.
Two of the oil-based defoamers, E and G,
were equally effective at destroying foam
and at preventing foam formation at less
than 400 s. Oil-based defoamer F was not
as efficient at times less than 400 s.

Ooncrusions

The defoamer tester has proven to be
useful to study the defoamer and
antifoaming efficiencies of different
defoamers, both water- and oil-based.
The apparatus can be used both with syn-
thetic kraft black liquor and kraft black
liquor. It is reproducible and can be used
at different temperatures, pH values, and
shear rates. The relative efficiencies of
water- and oil-based defoamers
depended on the type of foamant. Thus,
it is better to test defoamers using the
process liquid of the mill concerned at
the proposed point of defoamer addition
to determine which defoamer is best for
that particular mill. In general, oil-based
defoamers were more effective at keep-
ing the foam from forming; that is, their
antifoaming efficiencies were better than
those of water-based defoamers.

On the other hand, water-based
defoamers had slightly better initial knock-
down of foam under the conditions used.

The decision of whether or not to use
a water-based defoamer must take into
consideration the points of air entrain-
ment, foam formation and defoamer
addition. In instances where defoamer is
added to stock with a lot of pre-formed
foam, the superior knock-down proper-
ties of water-based defoamers may be
advantageous. On the other hand, if the
defoamer is added upstream of the
point of foam formation and the situa-
tion requires a good hold-down of foam,
oil-based defoamers would probably be
superior. Observation of industry expe-
rience suggests that, in the majority of
brownstock applications, the oil-based
defoamers are more cost-effective.

100
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FIG. 6. ENLARGEMENT OF THE LOWER LEFT-HAND PORTION OF FIG. 5, WHICH SHOWS

MORE CLEARLY THE DIFFERENCES IN THE INITIAL EFFICIENCIES OF THE VARIOUS
DEFOAMERS.
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Abstract: The efficiencies of four water-based and three oil-based commercial brownstock
defoamers have been measured with a laboratory defoamer tester. Measurements were done

with both a kraft black liquor and a synthetic black liquor. Hydrocarbon oil-based defoamers’

were generally more efficient at keeping foam from forming; that is, their antifoaming efficien-
cies were better than those of water-based defoamers. On the other hand, water-based
defoamers had a slightly better initial knock-down of foam under the conditions used.

Reference: CLAS, S-D., ALLEN, L.H. Comparison of the performances of water- and oil-
based defoamers. Pulp Paper Can 95(1): T14-17 (Jan. 1994). Paper presented at the 79th Annual
Meeting, Technical Section, CPPA, at Montreal, QC, on January 26 to 29, 1993. Not to be repro-
duced without permission. Manuscript received December 8, 1992. Revised manuscript
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