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Oxygen–Alkaline Pulping

Oxygen–alkaline (OA) pulping of
wood has several advantages:

an absence of toxic and malodorous
reagents and products, high pulp
yield [55–58% of oven-dry (o.d.)
wood], high pulp brightness (60–65%
ISO), easy bleachability, and good
strength properties. Efforts to de-
velop commercially viable OA
pulping processes have been ongo-
ing since the 1970s. The chief im-

pediments to development of a com-
mercial process were oxygen’s low
solubility and high reactivity toward
lignin. Together, these problems cre-
ated a highly nonuniform distribu-
tion of oxygen across the thickness
of the wood chip. Not until the mid-
1980s did the first reports appear
about the OA pulping of regular
wood chips, which was made pos-
sible by the development of a unique

pulsating digester by Russian spe-
cialists (1). There also were concur-
rent efforts to develop an OA pulping
process for the mechanically sepa-
rated fibers of high-yield and ultra-
high-yield pulps (2, 3). These efforts
were discontinued because the in-
evitable mechanical damage to fibers
during separation and beating of
high-yield pulps led to unacceptable
decreases in the yield and strength
of OA pulps (3).

A new catalyst for the oxygen-
delignification process was pre-
sented recently at the All-Russian
Scientific Research Institute of the
Pulp and Paper Industry (VNIIB)
(4). The catalyst—named KDK—
opens a new approach to OA
delignification of high-yield and ul-
tra-high-yield pulps. Laboratory re-
sults in this report suggest that the
catalyst accelerates OA
delignification of high-yield pulps to
such an extent that process tempera-
tures can be reduced from 150°C to
100°C without increasing the pulping
time.

The low pulping temperature re-
sults in the stabilization of
polysugars in fibers, which would
account for the observed mitigation
of the yield and strength problems
associated with OA delignification of
high-yield pulps. The benefits of the
catalyst are demonstrated by using
the OA process to delignify samples
of explosive autohydrolysis (EAH)
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pulp—an ultra-high-yield semi-prod-
uct—with and without the catalyst.

Experimental

Production of explosive
autohydrolysis pulp
The two samples of EAH pulp used
in the experiments were prepared
by steaming birch chips at 220°C
(428°F) in a reactor for 2 min (sample
M-2) and 5 min (sample M-5) fol-
lowed by explosive discharge into a
blow vessel. Prior to steaming, the
chips were soaked in a solution con-
taining 3% sodium hydroxide and 2%
hydrogen peroxide (based on o.d.
wood). No special screening was per-
formed with the EAH samples, ex-
cept that the largest chunks of pulp,
apparently different in the degree of
fiber separation from the rest of the
sample, were manually removed.

Oxygen–alkaline pulping
The OA cooks were performed with
a 7.5-g/L NaOH solution in auto-

claves of 130-mL capacity. The auto-
claves were submerged in a glycerin
bath and shaken reciprocally in the
horizontal plane to improve agita-
tion of the contents. Moreover, the
liquor–wood ratio was increased to
30, and oxygen pressure was boosted
to 2.94 MPa to facilitate mass trans-
fer. Both the oxygen and the alkaline
solution were introduced into the au-
toclaves before cooking. The portion
of the autoclaves that was filled with
the oxygen was 0.54. The total
amount of catalyst added was about
0.5% (based on o.d. wood). This rela-
tively large addition of catalyst
served the research purpose of em-
phasizing changes, making them
easier to observe. Further research
showed that the amount of catalyst
can be lowered without a significant
loss of efficiency.

Viscosity was determined using
solutions of the pulp samples in
FeTNa (ferrous tartratesodium) ac-
cording to ISO 5351/2-81.

Results and discussion

Noncatalytic OA
delignification of EAH pulps
Two EAH pulp samples (M-2 and M-
5, steamed at 220°C for 2 min and 5
min, respectively) were utilized in
the experiments. The two EAH
samples and a wood sample were
noncatalytically OA-delignified to
obtain controls for comparison with
the catalytically delignified samples.
The EAH samples were processed
for the purpose of further biochemi-
cal treatment. Therefore, both the
yield and the viscosity of the OA-
delignified laboratory EAH pulps
may be lower than would be expected
for OA-delignified EAH pulps pro-
duced for papermaking (5).

Figure 1 demonstrates that both
EAH samples can be delignified at
the usual OA-delignification tem-
perature of 150°C. The yield for
Sample M-2 was 0.8–4% lower than
for the wood sample, while the yield
for Sample M-5 was the same to 0.5%

1. Pulp yield as a function of kappa number after OA delignification
of birch wood (150°C) and EAH birch pulps (150°C or 100°C). OA
delignification at 100°C was assisted catalytically. The numbers
above the data points represent pulp viscosity (cm3/g).

2. Kappa number as a function of pulping time after OA delignification
of birch wood (150°C) and EAH birch pulps (150°C or 100°C). OA
delignification at 100°C was assisted catalytically.
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higher than for the wood. The im-
provement in yield for Sample M-5
is probably a consequence of in-
creased cellulose crystallinity result-
ing from deacetylation of hemi-
cellulose, which is typically observed
in EAH processing of wood (6). For
Sample M-2, the deacetylation ap-
parently did not develop to an appre-
ciable degree during the 2 min of
autohydrolysis.

The activation of lignin, the weak-
ening of the wood matrix, and the
increased fiber penetrability—all of
which are observed in high-yield and
ultra-high-yield pulps (7)—facilitate
OA delignification. Consequently, the
EAH samples delignified more
quickly than the wood sample, as seen
in Fig. 2. OA delignification to the
target kappa no. 20–40 for Sample
M-2 was 1.15–1.3 times quicker than
for wood. For Sample M-5, delign-
ification was 1.6–1.8 times faster than
for wood. Note that the proportion
of lignin in Samples M-2 and M-5
was higher than that in the original
wood because of partial hydrolysis
and removal of hemicellulose during
EAH processing of wood.

The higher rate of delignification
for the EAH pulps consistently cor-
responds to higher pH values in the
resulting waste liquors. For example,
the waste liquor from the OA
delignification of wood to kappa no.
22 had a pH of 8.7, while the waste
liquor from the OA-delignified EAH
pulps had a pH of 9.4–9.5 at kappa
no. 22. This suggests that OA
delignification could be carried out
with a smaller alkali charge for EAH
pulps than for wood.

The aforementioned advantages of
OA delignification of EAH pulp at
150°C are not sufficient to attract
the attention of pulp producers.
There are two significant drawbacks.
The first is the low viscosity of the
OA-delignified cellulose obtained
from the EAH pulp. At kappa no.
21–23, viscosity of the wood pulp is
higher than that of the EAH pulps
by a factor of 1.6–1.8, as seen in Fig.
1. The second drawback stems from
problems with existing equipment.

Conventional digesters cannot evenly
and adequately distribute oxygen.
Pulsating digesters easily accommo-
date OA cooking for chips of various
size, but they are not designed for
processing fibers.

Low-temperature (100°C)
catalytic OA delignification
of EAH pulps
The results of OA delignification of
EAH pulp look quite different when
the KDK catalyst is added to the
process. The catalyst enables a de-
crease in the pulping temperature
from 150°C to 100°C, which leads to a
6–8% increase in yield (o.d. weight)
for EAH pulp, as seen in Fig. 1. Con-
sidering that the yield of the EAH
pulp is above 90% of o.d. wood (5),
the resulting yield of the catalyti-
cally OA-delignified pulp may be 1.5–
2% higher (based on o.d. wood) than
the yield of OA-delignified pulp ob-
tained directly from wood at 150°C.

In addition to the increased yield,
the viscosity of the catalytically
delignified product is also increased
by 10–90%. Moreover, the viscosity
of Sample M-5 at kappa no. 19.7 af-
ter catalytic delignification (100°C)
was 16% higher than that of non-
catalytically delignified wood pulp
(150°C) at kappa no. 19.7.

It is quite likely that the conser-
vation of cellulose, obtained through
the catalytic OA delignification at
100°C, is even higher than is shown
by the viscosity tests. The observed
high yield is mainly due to a decrease
in solubility and a consequent greater
retention of hemicellulose in the pulp
obtained at the lower temperature.
The higher content of the hemicellu-
lose, which has a relatively low mo-
lecular weight, should mask the
results of viscosity tests by lowering
them.

The kinetic results of the OA
delignification at 100°C are signifi-
cant as well, as seen in Fig. 2. For
example, noncatalytic OA delign-
ification (150°C) of the M-2 sample
to kappa no. 22.7 took 1.4 times longer
than catalytic OA delignification

(100°C) of the M-2 sample to kappa
no. 14.4. On the other hand, both the
catalytically and noncatalytically OA-
delignified M-5 samples required
about the same duration of time to
achieve a given kappa number. A
comparison of the times required to
achieve a given kappa number for
the catalytically delignified EAH
pulps (100°C) and the noncat-
alytically delignified wood samples
(150°C) shows that the catalyst ac-
celerates the process by a factor of
1.7–1.9. Using a temperature coeffi-
cient of 1.6, the lowest coefficient
found in the literature for OA
delignification of wood (8), one can
calculate that the catalyst increases
the rate of OA delignification by a
factor greater than 10.

There is no known catalyst that
has the same activity and can pro-
duce the same effect. It is reported
(9, 10) that at 100–120°C, the OA
delignification of pulp and partially
digested wood could be accelerated
3–5 times with an addition of
salkomine [N,N-bis(saliciliden)-
ethylenediamine cobalt (II)] in
amounts of 0.1–1% of the o.d. raw
material. During the course of this
study, the addition of 0.9% salkomine
was attempted with OA delign-
ification, but no catalytic effect was
observed for EAH pulp.

Practical and commercial
considerations
Effective catalysts can open new op-
portunities for obtaining bleachable
pulp from high-yield and ultra-high-
yield semiproducts. Two facts—(a)
that effective OA delignification could
be achieved at about 100°C and (b)
that the semiproduct is in the pulp
state—make it conceptually feasible
to cook in ordinary equipment, simi-
lar to the well-known mixers and tow-
ers used in the oxygen–alkaline stage
of bleaching. This approach opens
the possibility of producing bleach-
able pulp for white paper grades at
the same pulp mill that produces
high-yield and ultra-high-yield
semiproduct for newsprint, corrugat-
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ing medium, and other packaging
papers. Such an approach adds a de-
gree of flexibility and can improve
market position.

It is quite probable that two or
three stages of conventional bleach-
ing equipment (mixers, towers)
would be required to obtain the de-
sired degree of delignification. Us-
ing several OA stages is not new for
the pulp industry; 11% of worldwide
installed capacity (11) already uses
two-stage oxygen–alkaline bleach-
ing. From the experimental data pre-
sented here, it is clear that hardwood
pulp can be delignified to as low as
kappa no. 10.

As mentioned before, the activa-
tion of lignin, the weakening of the
wood matrix, and the increase in fi-
ber penetrability observed in high-
yield and ultra-high-yield pulps
facilitate OA delignification. The
high-yield and ultra-high-yield
semiproduct could be subjected to
screening or light refining if the fi-
bers are separated unevenly (5). This
could facilitate more-uniform OA
delignification, perhaps decreasing
the number of bleaching stages and
curtailing the demand of bleaching
chemical. We believe that three
stages of the ECF or TCF bleach-
ing—typically recommended for OA
hardwood pulp—would be sufficient
to obtain a brightness of 87–90% ISO
(12).

There are about 16 varieties of
high-yield and ultra-high-yield
semiproducts produced commer-
cially today (13), all of which could
qualify for the catalytic method of
OA pulp production. Differences in
chemical composition, physical prop-
erties, morphology, and other quali-
ties among the various semiproducts
would result in a variety of OA pulps,
each with its own specific features.

There are no toxicology data for
the KDK catalyst in the literature.
It is known, however, that the com-
ponents of KDK are not really toxic.
Besides, the catalyst concentration

in the waste liquor after the washing
stage was calculated to be 0.2–2 ppm.
This concentration is lower than the
contaminant limit for many toxic sub-
stances.

The use of KDK is not without
tradeoffs. A primary drawback is
that the catalyst is expensive. How-
ever, there are several ways to de-
crease costs:

• Reuse the extract cooking liquor
upon completion of the initial
stage of OA delignification, i.e.,
after completion of the main re-
actions that produce oxidative
fragmentation of the lignin in the
solid phase (14).

• Minimize the catalyst load
through process optimization.

• Develop a catalyst-recovery
method, an approach that appears
quite feasible.
The described catalytic method is

not an alternative to the pulsating
method used with direct OA
delignification of wood chips (12).
However, the proposed method dem-
onstrates that the potential of OA
delignification has not yet been fully
tapped.

Conclusion

A recently developed catalyst that
accelerates oxygen–alkaline (OA)
delignification may make it possible
to apply this process to high-yield
and ultra-high-yield pulps. The cata-
lyst, known as KDK, increases the
delignification rate by a factor of 10
or more. OA delignification with this
catalyst provides a range of benefits:

• Process temperature can be re-
duced to 100°C.

• Process duration at 100°C can be
shortened by a factor of 1.4–1.9.

• Yield can be increased 6–8%
based  on o.d. wood or 1.5–2%
based on raw wood.

• An easily bleachable product can
be obtained at kappa no. 10–20.

• Cellulose degradation can be re-
duced, as evidenced by the higher
viscosity of high-yield pulps after
catalytic OA delignification. Vis-
cosity was 10–90% greater than
for high-yield pulps treated in the
absence of catalyst and 15%
greater than for wood after con-
ventional OA delignification at
150°C.

• There is a possibility of using con-
ventional equipment designed for
the oxygen–alkaline delign-
ification stage of pulp bleach-
ing. TJ
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