PEER-REVIEWED ‘ PULPING

Enhancing yield through
high-kappa pulping

PETER W. HART

ABSTRACT: Chemical pulping consists of a collection of delignification reactions designed to remove
amorphous lignin from the fiber matrix while preserving carbohydrates in a fibrous form. Commercially available
cooking processes are relatively nonselective with reagents attaching both lignin and carbohydrates. Generally, the
carbohydrates react more slowly than the lignin, so some carbohydrate selectivity does exist for modern pulping
processes. However, extended reaction times or excessive reaction temperatures will substantially reduce pulp
yield. To date, only a few methods of converting high-kappa pulp into enhanced fiber yield have been demonstrated.

Application: Research gaps need to be filled to fully implement an enhanced-yield kraft pulping process.

ypically, for bleachable-grade fiber, chemical pulping has

to be conducted to around kappa no. 30 (a measure of
the residual lignin content, or bleachability) for softwoods
and kappa no. 20 for hardwood species to successfully liber-
ate fibers from the wood matrix [1]. High-yield brown pulp-
ing, especially for softwood grades, typically stops pulping
reactions at much higher kappa numbers and employs vari-
ous refining processes (hot stock, low consistency refining,
or high consistency refining) to liberate fiber from the wood
matrix. For linerboard production, pulping is routinely
stopped at kappa no. 90-110 while sack-grade fiber is rou-
tinely produced at kappa no. 50-80 [2]. In recent years, the
trend in bleachable-grade chemical pulping has been to push
the kappa numbers below the fiber liberation point. The rea-
son has been to reduce the environmental impact associated
with bleach plant effluents [3].

Lower kappa-number pulping has two main limitations.
The first is that pulping to lower kappa numbers can
potentially damage pulp strength [4]. The second is that, as
delignification enters the residual pulping phase, the rate of
carbohydrate dissolution becomes faster than the rate of
delignification, resulting in a substantial loss in pulp yield [5].
In general, delignification reactions that occur during the
pulping process or in oxygen delignification do not contribute
toward effluent loading. This is because the organic fraction
removed from the wood matrix is recovered through
brownstock washing and sent to the recovery boiler to be
converted into energy through combustion. Typically,
delignification processes that occur during bleaching are not
recovered for combustion due to the presence of chlorides
in the effluent [6].

One of the main reasons that chemical pulping has tradi-
tionally targeted pulping to at least the fiber liberation point
is that reject and shive production in the resulting pulp in-
creases substantially when pulping is stopped above the fiber

liberation point. This results in a direct loss of usable fiber,
and the practice of recycling and recooking these rejects does
not improve pulp yield [8].

To date, only a few methods of converting high-kappa
pulp into enhanced fiber yield have been demonstrated. Jo-
hakimu [9] gives an excellent recent literature review of high-
yield pulping technologies and influencing factors. He dis-
cusses recognized digester modifications such as polysulfide,
anthraquinone (AQ), neutral sulfite semichemical pulping,
post-kraft oxygen, and recent alkaline peroxide mechanical
pulping (APMP) technologies. Some of these methods have
been shown to work for bleached fiber. Polysulfide and AQ
have been used commercially for several years. Unfortunate-
ly, the yield gains obtained with these chemical modifications
to the cooking process are at best moderate [10,11] and are
not considered to be breakthrough technology [12]. The
APMP process produces brightened fiber with substantial
yield improvements, but the strength properties are not com-
parable to fully bleached kraft pulp fiber [13].

Two methods have been demonstrated to meet the yield
and strength criteria required for breakthrough technology.
One method involves pulping to a high kappa number and
performing multistage aggressive oxygen delignification to
further reduce the kappa number to traditional bleachable
grade levels. This is done in an alkaline environment, and
pulping chemicals can be recovered through the recovery
boiler cycle. Laboratory-scale trials have suggested that fully
bleached pulp yield improvements of 4-6 points may be real-
ized through application of double-oxygen technology in
conjunction with high-kappa pulping [14—-17].

The other method involves separating hardwood kraft
rejects, processing them through high-consistency refining
in the presence of alkaline peroxide, recombining the treated
rejects with the primary screened accepts, and subjecting the
combined stream to a mild oxygen delignification treatment
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to about kappa no. 30. The high-kappa hardwood pulp is then
treated with enzymes and bleached in a traditional elemental
chlorine-free bleach plant. Pilot-plant trials have suggested
that an increase in fully bleached pulp yield of about 6-8
points may be realized through this process [18,19]. Bleached
pulps using this method exhibit equivalent or better strength
properties compared to fully bleached, traditional-kappa
hardwood kraft pulps.

Johakimu [9] has cited references from Jarkko [20] dem-
onstrating an APMP mechanical pulping process for birch;
no data were presented for softwoods [20]. The APMP pro-
cess produces reasonably bright (80+ISO) fiber at extremely
high yields. Unfortunately, the strength properties of the
resulting brightened fiber is substantially inferior to fully
bleached kraft pulp fiber [13]. Variations upon APMP technol-
ogy have been patented by industry researchers [21-24].

Potential commercialization barriers exist for both break-
through methods discussed previously. In addition to lost
strength properties resulting from refining of the high-kappa
pulp ahead of the oxygen stages, capital expense is a major
barrier for multistage oxygen delignification. For the rejects
separation and partial treatment method, bleach plant efflu-
ent loading is a major constraint on commercial implementa-
tion for bleachable-grade pulps. The rejects separation meth-
od has been successfully employed commercially in a
high-yield brown mill in Brazil.

OPPORTUNITIES FOR
FURTHER RESEARCH
Two potential pathways for development of these
breakthrough technologies exist. Their selection will be
dependent on the mill grade structure (unbleached to
bleached paper and paperboard grades). To date, the rejects
separation process method has demonstrated a slightly
improved yield performance for hardwood and eucalyptus
pulps over the enhanced oxygen delignification performance
method. Significant yield gains have been reported for
softwood pulps subjected to the rejects separation process.
However, no suitable bleaching mechanism has been devised
to reduce the higher-kappa bleaching cost to near-traditional
levels. Alternative, lower-cost bleaching options need to be
developed for the high kappa number softwood fiber. These
enhanced methods need to produce high-brightness pulp
without negatively impacting pulp yield or intrinsic fiber
strength. In addition, research efforts for both hardwood and
softwood pulps are needed to determine potential methods
to collect and treat bleach plant effluent from the higher-
kappa brownstock being sent to the bleach plant via this
method.

For the high-selectivity oxygen delignification method,
research efforts on non-chlorine-containing methods for ac-
tivating lignin toward oxygen need to be performed [25]. In
addition, improved methods of transporting oxygen into
high-kappa number fiber bundles without hurting fiber
strength should be investigated.
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To date, the higher-kappa pulping processes for both high-
kappa double-oxygen work and for the rejects separation
method have been performed with typical, commercially
available hardwood and softwood chips. The impact of pulp-
ing with extremely thin veneer-type chips should be investi-
gated. Using thinner chips may potentially result in a higher
percentage of liberated fibers and reduce some of the mass
transfer difficulties typically associated with brightening or
bleaching shives and rejects. TJ
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