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conventional extraction. Energy vequirements are lower than in a
conwentional bleachery. This technology also presents an opportunity o
lower the capital cost of a bleachery.

Rapson (1) proposed a dynamic bleach-
ing process in which a complete bleach-
ing sequenece, such as DEDED, could
be carried out by passing chlorine
dioxide and caustic solutions alterna-
tively through a pulp mat. He obtained
times as short as 2 min for the extrae-
tion stages in this process and 19 min
for the complete sequence. It was sug-
gested that the process could be carried
out on a moving belt or wire. This
would require a machine with about
20 times the capacity of modern hori-
zontal washers. However, Brinkley (2)
modified the process to utilize & series
of radial diffusion washers which ulti-
mately developed into the Kamyr dis-
placement bleach plant.

Liebergott (3) disclosed a rapid ex-
traction of pulp obtained by mixing
caustic with the pulp in a steam mixer
at4-12% consistency followed by press-
ing to high consistency in less than 1
min.-

Axegard (4)hasshown that the first
caustic extraction stage is composed of
a rapid reaction and a slow reaction,
where the rapid reaction is promoted
by high temperature, high alkalinity,
and high chlorination levels.

Our laboratory studies into the sto-

ichiometry and kinetics of the first
extraction stage (5) suggested that the
kineties of the rapid phase of caustic
extraction might be fast enough to be
carried outon a washer. We also recog-
nized that poor washing after a first
extraction stage in conventional bleach-
eries was a major cause of high bleach
chemical consumption. This was even
more evident in displacement bleach-
eries with no wash between the E
stage and a sueceeding displacement
D stage.

Multistage horizontal washers pre-
sented a means of carrying out a rapid-
displacement extraction as well as a
way of correcting the problem of high
ehemical consumption due to poor
washing.

At CIP Research Ltd., we were well
aware of the washing capabilities of
horizontal washers. The first two mul-
tistage horizontal washers in our in-
dustry were installed in our pilot plant
in Gatineau, Que., in 1967. Based on
experiments carried out on these
washers, Ontario Paper Co. installed
the first commercial horizontal
washer in 1973 for red liquor recovery
in its Thorold, Ont., sulfite plant (6-8).
Several other horizontal washers of

this design have been instailed in sul-
fite plants in a number of countries.

The wire on these first horizontal
washers was carried on a rubber drain-
age belt, which precluded its use in
bleacheries. However, at the time we
became interested in rapid displace-
ment caustic extraction, a horizontal
washer without a rubber drainage
belt was being fabricated for our now
defunct sulfite mill in Hawkesbury,
Ont.

If chlorination-stage washing, rapid
extraction, and extraction-stage wash-
ing could all be carried out on one
multistage horizontal washer, this
would lower the capital cost and energy
consumption in a bleachery. Tuomi{9)
had similar ideas with respect to rapid
extraction, except he proposed using
two-stage Profeed washers for the first
and second extraction stages of a
[(C+D)EDED] bleachery.

Preliminary experiments carried
out on a Buchner funnel established
the feasibility of rapid caustic extrac-
tion by displacement. An apparatus
was then designed to permit simulation
of a horizontal washer.
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L. The effects of chlorination fevel and number of consecutive E stages on extraction

efficiency

). The effect of washing on the total kappa
number of material leaving an (E+O)- stage
commercial washer

The effect of temperature on displacement washing and extraction stages

(at 94.9% efficiency) could be lower
than the total kappa number of pulp
plus carryover from a conventional
(E+O)-stage washer, where the kappa
number of the pulp represents 64-91%
of the total kappa number discharged
from that washer. This requires a high
chlorination level.

The effect of temperature on the
time required for sheet formation, a
single chlorination stage wash, two
stages of extraction, and three wash
stages after extraction is shown in
Table III. At a basis weight of 2.6
kg/m?, this entire process took 69s at
20°C and only 31sat80°C. The(CD)EE
kappa number and the hypochlorite

consumed to reach T70% brightness
both approached a minimum at 80°C.

Table IV shows the effect of basis
weight on the time required for sheet
formation, chlorination stage wash,
two extraction stages, and three ex-
traction wash stages. Ata basis weight
of 1 kg/m? each of the two extraction
displacements took 1.7 5. Because of
the time required to load the second E
stage and wash liquors into the funnel,
at which time no displacement was
taking place, the total elapsed time
that the pulp was in contact with
caustic was 14.3 s. At a basis weight of
4 kg/m?, the pulp was in contact with
caustic for 37.2 s. Basis weight and the

length of time in contaet with caustic
had no effect on the [((C+D)EE] kappa
number, the hypochlorite consumption
to 72% brightness, or the viscosity at
72% brightness.

The results obtained from a simula-
tion of the flowsheet in Fig. 2 are
shown in Table V. Aliquots from a
single batch of chlorinated pulp were
used for all nine cycles. Steady state
with respect to the caustic content of
the wash trays was reached after about
seven cyeles. A make-upof 2.0% NaOH
on pulp was sufficient to keep the total
alkali in the system in balance. There
was no systematic change in the
[(C+D)EE] kappa no, or viscosity be-
tween Cycle 1 and steady state. This
pulprequired 3.0% NaOHonpulpina
conventional extraction stage, asshown
in Table 1.

This process is more efficient than
conventional extractions with respect
to caustie consumption because, in the
process described in Fig. 2, a pre-
liminary extraction is carried outusing
recycled filtrate containing causticand
sodium salts of weak organic acids.
The carboxyl groups in chlorinated
pulp are all in the hydrogen form.
These ions exchange readily with so-
dium salts and do not require fresh
caustic as in conventional extraction.
Similar caustic savings can be achieved
in a conventional bleachery by the
Papricycle process, where washed

March 1988 Tappl Journal 159



V. Simulation of the flowsheet (in Fig. 2) using a wash ratio of 1.3:1

chlorinated pulp is mixed with extrac-
tion-stage filtrate and is then washed
on 2 second washer prior to a conven-
tional extraction stage (Z0).

Reuse of the extraction-stage filtrate
on a conventional chlorination washer
does not necessarily save caustic, be-
cause the reaction products in the
sheet are carried back into the extrac-
tion stage where they consume fresh
caustic (10). This type of recycle also
increases the carryover of colored ma-
terial into later bleach stages and
increases hypochlorite and/or chlorine
dioxide consumption.

Experience gained by simulation of
the flow sheet in Fig. 2 showed that we
were washing more than necessary
ahead of the extraction but that there
was dissolved colored matter in the
extracted pulp leaving the washer.
This was corrected by eliminating one
of the two wash stages after chlorina-
tion and adding a third wash stage
after extraction. This preferred pro-
cess was used to obtain the results
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shown in Tables III and IV.

In combination with simplified
bleaching (11-13), the[(C+D)EE(HD)]
sequence was used to bleach northern
softwood kraft to 90%+ ISO brightness
at a viscosity of 16 mPa-s. The
[(C+D)EE(HD)] sequence gave 91%+
ISO brightness at a viscosity of 20
mPa-s. The latter sequence would re-
quirea chlorination-stage tower, asix-
stage horizontal washer, an 8 min
hypochlorite tube, an 8 min D tube, a
2 min E; tube, and a4 h Dz tower plus
washer for implementation on: the mill
scale. Capital costs would be much
lower than for a conventional bleach-

ery.

Conclusions

Others have shown that the caustic
extraction stage is composed of a fast
reaction and a slow reaction. This
work shows that the fast reaction is
much faster than has previously been
demonstrated.

The rapid-displacement extraction
process works best with highly chlori-
nated puip.

This process could be implemented
in conjunction with simplified bleach-
ing to decrease the capital cost of a
bleachery for kraft market pulp. It
would also decrease caustic require-
ments and eleetrical energy.

Thorough washing after the extrac-
tion stage is much more important
than has been previously recognized.
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