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[57] ABSTRACT

A method of using biological processes as a pretreat-
ment step in combined biological and mechanical paper
pulping process is described. The process uses a species
of fungus, Ceriporiopsis subvermispora, which has not
previously been used for this purpose. It has been found
that even with a non-optimized system, and with the
stationary holding of the wood chips during fungal
incubation, that significant savings in energy usage in
the pulping process can be achieved compared to con-
ventional mechanical "pulping while simultaneously
achieving increased strength characteristics in the pa-
per.

31 Claims, 1 Drawing Sheet
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BIOMECHANICAL PULPING WITH C
SUBVERMISPORA

FIELD OF THE INVENTION

The present invention relates to the general field of
paper manufacture and relates, in particular, to the use
of biological agents in conjunction with mechanical
processes to produce paper pulp from wood.

BACKGROUND OF THE INVENTION

In the manufacture of paper from wood, the wood is
first reduced to an intermediate stage in which the
wood fibers are separated from their natural environ-
ment and transformed into a viscous liquid suspension
known as a pulp. There are several classes of techniques
which are known, and in general commercial use, for
the production of pulp from various types of wood. The
simpliest in concept of these techniques is the so-called
refiner mechanical pulping (RMP) method, in which
the input wood is simply ground or abraded in water
through a mechanical milling operation until the fibers
are of a defined desired state of freeness from each
other. Other pulping methodologies include thermo-
mechanical pulping (TMP), chemical treatment with
thermo-mechanical pulping (CTMP), chemi-mechani-
cal pulping (CMP) and the so-called kraft or sulfate
process for pulping wood. In all of these processes for

creating pulps from wood, the concept is to separate the

wood fibers to a desired level of freeness from the com-
plex matrix in which they are embedded in the native
wood.

Of the constituents of wood as it exists in its native
state, the cellulose polymers are the predominate mole-
cule which is desired for retention in the pulp for paper
production. The second most abundant polymer to
cellulose in the native wood, which is the least desirable
component in the pulp, is known as lignin. Lignin is a
complex macromolecule of aromatic units with several
different types of interunit linkages. In the native wood,
lignin physically protects the cellulose polysaccharides
in complexes known as lignocellulosics, and those lig-
nocellulosics must be disrupted for there to be marked
enzyme accessibility to the polysaccharides, or to sepa-
rate lignin from the matrix of the wood fibers.

It has been suggested that biological systems can be
utilized to assist in the pulping of wood. A desirable
biological system would be one which is intended to
liberate cellulose fibers from the lignin matrix by taking
advantage of the natural abilities of a biological organ-
ism. Research in this area has focused on a type of fungi
referred to as white-rot wood decay fungi. These fungi
are referred to as white-rot, since the characteristic
appearance of wood infected by these fungi is a pale
color, which color is the result of the depletion of lignin
in the wood, the lignin having been degraded or modi-
fied by the fungi. Since the fungi appear to preferen-
tially degrade or modify lignin, they make a logical
choice for fungi to be utilized in biological treatments to
pulp wood, referred to as biopulping.

Several reports have been made of attempts to create
biopulping systems using white-rot fungi on a variety of
wood fibers. Previous research has concentrated on a
single, or relatively few, species of fungi. The most
commonly utilized fungi in such prior systems is the
white-rot fungi Phanerochaete chrysosporium, also re-
ferred to as Sporotrichum pulverulentum. Other fungi
which have been previously used in such procedures
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include fungi of the genera Polyporus and Phlebia. The
prior art is generally cognizant of the fact that attempts
have been made to use biological organisms, such as
white-rot fungi, as part of a process of treating wood, in
combination with a step of either mechanical or thermal
mechanical pulping of cellulose fiber.

An example of a teaching of a method of producing
cellulose pulp is shown in U.S. Pat. No. 3,962,033 di-
rected to the biopulping of cellulose utilizing white-rot
fungi. The fungi utilized included both of naturally
occurring wild-type strain cultures and also mutant
strains produced which were intended to be cellulase-
less, so as to reduce the amount of cellulose degraded by
the organisms. Various types of wood were degraded
with the fungi, and then were used as input materials for
a thermo-chemical or mechanical pulping procedure.
This patent disclosure discusses various techniques for
making a cellulose pulp by depleting lignin while reduc-
ing the cellulose-decomposing action of the enzymes
produced by these organisms in order to preserve the
cellulose yield. Groups working with the inventors of
said patent also had several other publications regarding
use of such fungi for biomechanical pulping, e.g. An-
ders and Erikkson, Svensk Papperstidning, 18:641-2
(1975), Erikkson and Vallander, Svensk Papperstidning,
6:85:33-38 (1982). Unfortunately, the process never
gained commercial acceptance, and has not been widely
utilized. One of the difficulties is that most of the prior
techniques for utilizing biological techniques for the
pulping of paper have resulted in paper which has had
only marginal strength increase or is weaker than pa-
pers made by more conventional processes.

In fact, while a certain amount is known about the
interaction of lignin and cellulose in wood fibers, be-
cause of the extreme complexity of the relationships,
and the variation in the enzymes produced by varieties
of the white-rot fungi, it is not readily possible to pre-
dict from the action of a given fungi on wood whether
or not the paper made from wood partially digested
with such fungi will have desirable qualities or not. The
selection of white-rot fungi for biopulping applications
on the basis of selective lignin degradation may seem a
rational one, but it has proven to be a poor predictor of
the quality of the resultant paper. The exact relationship
between the degradation of lignin, and the resulting
desirable qualities of paper produced at the end of the
pulping process, are not at all clear. Accordingly, given
present standards of technology and the present under-
standing of the complex interaction of lignin and cellu-
lose, it is only possible to determine empirically the
quality of paper produced through a given biological
pulping process and the amount of any energy savings
achieved through such a process.

SUMMARY OF THE INVENTION

The present invention is summarized in that a method
for the biomechanical pulping of paper involves the
partial degradation of wood with a culture of the fungus
Ceriporiopsis subvermispora followed by mechanical
pulping of the treated wood.

It has been found that through the biological degra-
dation of the wood chips using Ceriporiopsis subvermis-
pora followed by mechanical pulping of.the treated
wood chips that a dramatic decrease in the energy re-
quired for mechanical pulping is achieved while at the
same time giving rise to paper which has enhanced,
rather than decreased, strength characteristics.
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It is thus an advantage of the process described in
accordance with the present invention that a procedure
for the biomechanical pulping of wood chips is de-
scribed which utilizes less energy than prior art tech-
niques and which results in paper having more desirable
strength characteristics.

It is further an object of the present invention in that
it utilizes a natural biological organism to degrade the
wood thus reducing the likelihood of unwanted artific-
ial environmental contaminants produced by degrada-
tion of lignin and its byproducts.

It is a further advantage of the.present invention in
that it has been found that the biological processing of
the wood chips in accordance with the present inven-
tion can be done in a static fermentation procedure
without the need for an exotic or moving fermenting
chamber thereby allowing the process to be used more
practically on a large scale.

Other objects, advantages, and features of the present
invention will become apparent from the following
specification when taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1illustrates the laborator)} scale bioreactor used
in the illustrative example of the present invention.

FIG. 2 is a graphical representation of the energy
savings achieved in a biopulping process with various
fungal species.

DESCRIPTION OF THE INVENTION

The present invention is directed toward the biologi-
cal pretreatment of wood chips for pulp making for
paper manufacture. It has been particularly found here
that through the use of a particular species of fungus,
and the maintenance of relatively forgiving conditions
during the treatment of wood chips by said fungus, it is
possible to utilize a biological treatment or pretreatment
as a part of a pulping process on Southern Yellow Pine,
a tree resource of high commercial importance in the
United States. It has further been found that the process
results in a paper which has a strength which is in-
creased over paper made by purely mechanical pulping
but which, at the same time, results in a dramatic sav-
ings in the energy expended during the mechanical
pulping process. In other words, the process not only
results in energy saving, it also results in a stronger
product.

The present process makes use of a saprophitic fungi
of the white-rot class of wood decay fungus. The partic-
ular species of fungus which is found useful within the
present invention is Ceriporiopsis subvermispora. The
particular strain of C. subvermispora utilized in the ex-
amples below, FP-90031 was obtained from the Center
for Forest Mycology Research (CFMR) from the
United States Department of Agriculture Forest Prod-
ucts Laboratory in Madison, Wis. The original deposi-
tor of this strain with the CFMR reported that the cul-
ture was isolated from an oak log in Prince Georges
County, Md. This fungus was selected from the CFMR
selection through a process of both selection and
screening. It was desired that a fungus be selected for a
biological pulping operation which would propagate
relatively rapidly through wood chips in culture. The
need for rapidity was due to the fact that the length of
the dwell time of the wood chips in a bioreactor would
add to the capital costs of an overall biopulping process.
Therefore, fungi which could proliferate through a
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given volume of wood chips in the shortest period of
time possible would be desired. In addition, it was also
desired that the fungus be considered to be a relatively
selective lignin degrader, but not a significant degrader
of cellulose. Tt was theorized that such a lignin degrader
would preferentially modify or remove lignin from the
wood and leave the cellulose, the cellulose being the
more desired component for paper fiber.

However, empirical screening results revealed that
neither speed of propagation through wood, nor the
preference for lignin degration over cellulose degrada-
tion, alone, were sufficient factors to be able to predict
the efficacy of a fungi in a biopulping process. Fungi
which proved to be fast in the propagation through
wood chips occasionally resulted in paper of inferior
quality or strength or gave little energy savings in the
overall process. Some of the fungi which preferentially
degraded lignin over cellulose proved to be very slow
growing, and thus ineffective for use in a biopulping
process.

It was found that the particular fungi described
herein, Ceriporiopsis subvermispora, was particularly
well suited for biopulping applications. It is a preferen-
tial lignin degrader. If a culture of C. subvermispora is
grown on a wood chip, the wood chip will suffer signif-
icant loss of lignin with a relatively low loss of total
weight from the chip. C. subvermispora is also a reason-
ably fast grower, although not among the fastest grow-
ing of the strains subjected to this screening technique.

C. subvermispora, also previously known as Poria
subvermispora, is a white-rot saprophytic fungi widely
distributed throughout the continental United States. It
is associated with a white rot of both conifers and hard-
woods and has been isolated several times from wood
chip piles in Washington and Oregon. It is related to,
but is distinct from, Phlebia species. It has not previ-
ously been known to have industrial value. Some of
Nakasone, Mycotaxon, 15:105-111 (1981).

The screening utilized herein was based on an intelli-
gent selection of fungi having a reasonable likelihood of .
being applicable to biopulping, plus an empirical testing
of the eligible fungi to determine those strains which
were most advantageous for the procedure. Accord-
ingly, an extensive investigation was conducted, princi-
pally through the records of the Center for Forest My-
cology Research of the Forest Products Laboratory in
Madison, Wis., to identify previously isolated fungi
which appeared to have potentially desirable character-
istics for biopulping applications. Approximately 50 or
60 strains of such fungi were identified. Those strains
were then screened through a testing procedure desired
to determine which of those strains were preferential
lignin degraders and to rank the strains relative to each
other regarding the speed of degradation achieved by
the particular strain. The testing was conducted on
wood blocks of both Pine and Aspen. After the treat-
ment of the wood blocks with the test fungi, the blocks
were analyzed both for remaining lignin content and for
overall weight. In addition, loss of other important
sugars was measured as an indication of loss of cellulose
component.

From the screening procedure on the wood blocks, 2
relatively small number of fungi were selected for the
actual use in a test biopulping process. Those fungi were
used to actually inoculate wood chips in culture, and
were permitted to ferment throughout the wood chips.
After a suitable fermentation period, the wood chips
were mechanically pulped to a series of desired steps of
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freeness. The energy utilized in each of the mechanical
pulping procedures was carefully monitored. As
batches of pulps reached a desired level of standard
freeness, paper was made from the pulps using standard
handsheet making techniques. The paper resulting from
. such a process could be subjected to standard tests for
tear and burst strength. Those results could then be
compared to the energy values required for achieving
the desired freeness in various batches of treated mate-
rial which had been pretreated with the different wood
rot fungi. Through such a procedure it was determined
that a fungus of a particular species not only resulted in
paper which had significantly increased strength as
measured by standard techniques, but also had required
significantly less input energy during the mechanical
pulping procedure to achieve the same desired levels of
freeness. That fungus was Ceriporiopsis subvermispora.
It is now appropriate to describe the general perime-
ters of biopulping process performed in accordance
with the protocol of the present invention. The process
begins, of course, with wood chips. While the process
of the present invention, and in particular the utilization
of the particular fungal species disclosed herein, is in-
tended and particularly adapted for the biopulping of
U.S. Southern Pine species, it has also been found that
the fungus has utility for hardwood species, such as
Aspen, in addition. A preferred species for use in the
biopulping process of the present invention is Loblolly
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Pine, Pinus taeda. The pine is prepared in chips through -

a conventional technology to a chip size of anywhere
between 3 and § of an inch, but most preferably in the
range of approximately % inch. Chip sterilization prior
to the fungal inoculation process may or may not be
required. If required, chip sterilization can be achieved
by heat pasteurization or chemical or steam autoclav-
ing. Since conditions of high humidity during the fer-
mentation process will be desired, a relatively high
moisture content in the chips prior to fermentation is
most desirable. Therefore it is desired that the chip
moisture content prior to inoculation be at the fiber
saturation point or greater. A preferred moisture con-
tent would be approximately 65% of the total wood,
based on the oven dry weight of the chips. This mea-
surement indicates that of the total weight of the moist
wood, approximately 65% of that weight is moisture.

1t is possible that nutrient amendments to the chips
may be desirable to achieve the greatest efficiency in
the fungal penetration of the wood chips. If such
amendments are utilized, the amendment should have a
relatively low component of nitrogen source, between
0% and 2% nitrogen on the basis of the dry chip
weight. The preferred nitrogen content for such a chip
amendment is 0.0035% plus or minus two fold. A car-
bon source may also be used in the chip amendment of
significantly greater content, between 0% and 5% on
the basis of dried chip weight, with a preferred range of
approximately 2-4% of the chip amendment. Minerals
or vitamins important to the nutrient needs of the fungal
culture may also be supplied in ranges of less than
0.02% each of the chip amendment.

Separately from the chips, a seed inoculum must be
maintained of the cuiture to be utilized during the bi-
opulping process. The preferred culture here would be
that of fungal species Ceriporiopsis subvermispora, with
the preferred strain identified to date being strain FP-
90031 from the Center for Forest Mycology Research
of the Forest Products Laboratory. Strains of Ceripori-
opsis subvermispora can be maintained on conventional
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fungal culture techniques, most conveniently potato
dextrose agar (PDA) slants Stock slants may routinely
be prepared from an original culture for routine use and
may be refrigerated until used.

To inoculate significant volumes of wood chips, a
starter inoculum must be prepared. The starter inocu-
lum is simply a srhaller volume of chips carrying the
fungal mycelium propagated therethrough so that it
may be conveniently mixed into a larger volume of
chips for the inoculation of the larger quantity of wood
chips to be subjected to the process. In the laboratory-
scale procedures described below, a plate culture was
created using wood chips which were inoculated from
the stock culture on a PDA slant. The plate cultures
were created with wood chips, and a chemically de-
fined medium A seed inoculum container has soaked
wood chips added to it, and has been inoculated with a
sector cut from the PDA culture of the fermenting
microorganism. The chips are mixed and the seed inoc-
ulum container is incubated for a time period. The time
period for seed culture incubation may be between 2
weeks and 4 weeks. In the seed inoculum culture, a
relatively high moisture content in the wood, at least
60% is maintained to ensure better colonization of the
chips with the fungal mycelia.

The actual inoculation of the chips for fungal degra-
dation may then proceed. The wood chips for proce-
dure are placed in the fermentation reactor. The reactor
may be any of a number of styles of bioreactors capable
of containing solid media fermentation cultures.
Though it has been found that rotating drum bioreac-
tors host the fermentation .reaction to a sufficient de-
gree, it has also been advantageously found that station-
ary or static reactors work sufficiently well within the
present invention to be preferred. It is merely required
that the stationary or solid phase reactor have sufficient
aeration so as to ensure adequate oxygen flow to the
fungus and significant removal of carbon dioxide there-
from. In fact, it is an advantage of the process described
herein that a stationary, and even rudimentary, reactor
will suffice. Since what is required is simply aeration,
humidity, and temperature control, it is envisioned that
simple pits or piles of chips on the ground may be uti-
lized if aeration is provided, as by inserted tubing, and
humidity is maintained, either by containment or by
moisture application.

The inoculation of the starter inoculant culture is
made to the wood chips to be treated. The amount of
inoculum starter culture added to the chips can vary
between 1% and 25%, on a dry weight basis, of the total
volume of the chips. It is preferred that generally on the
order of 2-10% of the volume of chips to be treated
should be the volume of starter inoculation culture
added to the chips to be degraded. The starter inoculum
culture chips and the chips to be treated should be thor-
oughly mixed and placed into the bioreactor for degra-
dation.

The chips so inoculated will then be fermented dur-
ing a time period in which the fungal mycelia will pene-
trate throughout the wood chips and culture. The tem-
perature range most desired depends on the fungal
strains. It has been found that a bioreactor kept in the
range of 27° C. plus or minus two degrees with a mois-
ture content in the wood of 65% plus or minus 5%
achieves a degree of mycelia penetration of the wood
chips that results in significant and useful degradation of
the chips for paper puiping purposes. Continually dur-
ing the incubation period the wood chips are preferably


















