Biokraft Pulping of Eucalyptus
with Selected Lignin-Degrading Fungi
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Pretreatment of eucalyptus wood chips with lignin-degrading fungi was carried out and its effect on kraft pulping was studied. Ceriporiopsis
subvermispora. which preferentially attacks the lignin component of wood, was used in this study. The fungus was found to be suitable for biokraft
pulping of cucalvptus. Fungal pretreatment reduced the pitch content in the wood chips and, during kraft pulping, reduced the active alkali require-
ment up to 18%, reduced the total cooking time by up 10 33% or reduced the sulphidity requirement of the white liquor by up to 30%. The quality of the
resultant biopulps was better than that of the control (higher brightness, better strength and improved bleachabiliry). The bleached biopulps were eas-
ier to refine than the reference pulp. The beating time was reduced by 18-33% in different studies.

Nous avons procédé au prétraitement des copeaux d'eucalyptus avec des champignons dégradateurs de lignine et étudié leurs effets sur la cuisson
krafi. Ceriporiosis subvermispora, qui s'attaque de préférence a la lignine du bois, a été utilisé pour la présente étude. Le champignon convenait a la
cuisson de pate krafi biologique d’eucalyptus. Le prétraitement avec les champignons a réduit la teneur en poix des copeaux de bois et, pendant la
cuisson kraft, les besoins en alcali actif de jusqu’a 18 % ou le temps de cuisson de jusqu’a 33 % ou la sulfidité de la liqueur blanche de jusqu’a 30 %.
La qualité des pates biologiques obtenues était meilleure que celle des pdtes de référence (degré de blancheur plus élevé, meilleure résistance et
meilleure aptitude au blanchiment). Les pétes biologiques blanchies étaient plus faciles a raffiner que la pdte de référence. Le temps de raffinage a été

réduit de 18 @ 33 % lors d’études différentes.

INTRODUCTION

Economic conditions and environmental
pressures have hit the pulp and paper industry
hard. Increased environmental concemns are
causing pressure for greater use of waste paper,
reduced use of chlorine and improved manage-
ment of forest resources, air quality and liquid
and solid wastes. Biotechnology offers a poten-
tial solution to many of these problems [1]. En-
zymes are useful for reducing the chlorine
demand during bleaching to control the pitch
content in mechanical pulp, to improve the
drainage characteristics of the secondary fibres,
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and as deinking agent for the treatment of waste
paper. Fungi also have been used to remove
pitch from wood chips and to control the
growth of undesired organisms. Biopulping,
the pretreatment of wood chips prior to me-
chanical pulping, offers both economic and en-
vironmental benefits. Two sequential
biopulping consortia (April 1987 and June
1996) comprising the USDA Forest Service,
Forest Products Laboratory (FPL), the Univer-
sities of Wisconsin and Minnesota and industry
have established the technical and economic
feasibility of biomechanical pulping [2,3].
Through the use of proper lignin-degrading
fungi, at least 30% of electrical energy is saved
in mechanical pulping and paper strength prop-
erties are improved [4,5]. Messner et al. [6] and
Scott et al. [7] have demonstrated the great po-
tential of using lignin-degrading fungi to re-
duce the kappa number in sulphite pulping. The
effect of fungal pretreatment on kraft pulping
has been investigated to a lesser extent and the
benefits are not clear and need further research.
Wolfaardt et al. [8] reported about 18% reduc-
tion in kappa number under mill conditions
when pine wood was treated with lignin-
degrading fungi. However, under all the tested
conditions, yield and viscosity were lower and
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the alkali consumption was higher. Oriaran et
al. [9] reported that glucose-supplemented as-
pen chips pretreated with lignin-degrading
fungi led to kappa number reductions of 3 and
9% in 20 and 30 days, respectively. A marked
decrease in beating time was observed only af-
ter an incubation period of 30 days, while in the
same period the water retention value increased
from 102 to 137% and the fines also increased.
However, the brightness of unbleached pulp de-
creased drastically by 62%. Tensile strength in-
creased by 21% after 30 days, while the tear
index decreased. Results obtained with red oak
were similar to those obtained with aspen [10].

Today, about 75% of the pulp in the
world is produced by the kraft pulping process.
This process produces paper with very high
strength. However, the process has the disad-
vantages of being capital and energy intensive,
giving low yields, producing troublesome
waste products, and producing byproducts that
are of relatively low value.

Published electron microscopic studies
[2,3] indicate that fungal pretreatment causes
swelling and loosening of cell wall structures,
which increases the porosity of wood chips.
Subsequent studies with uranyl acetate staining
and ultrastructural observations have provided
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additional evidence that changes in cell wall
porosity occur carly in the process of coloniza-
uon by lignin-degrading fungi [11]. Also, these
fungi remove or modify lignin in wood cell
walls so that it can be removed more easily dur-
ing kraft pulping [8-10).

A systematic literature survey has shown
that no work has been done on biokraft pulping
of cucalyptus, which is one of the major raw
materials for production of paper in many coun-
tries although biopulping of other species has
been reported [B-10]. Therefore, studies on
biokraft pulping of cucalyptus were initiated in
our laboratory. The present paper deals with a
method for biokraft pulping of ecucalyptus
(PCT patent pending). It is based mainly on the
work from a collaborative project between
Thapar Centre for Industrial Research & Devel-
opment, Pauala, India and Biopulping Interna-
tonal Inc.. Madison, WI, USA.

EXPERIMENTAL
Wood Chips

The expeniments were conducted with
chips of Eucalvptus teretecornis, a well-known
hybnd vanety, obtained from a larpe paper mill
in Haryana. India. The chips were air dnied. The
moisture content of the chips was about
10-12%.

Fungus Screening

Several lignin-degrading fungal cultures
— Ceriporiopsis subvermispora L-14807 SS-3,
CZ-3. L-9186-SP. FP-105752, FP-105752-SS-
S. Hvyphodonria setulosa FP-106976-SP,
Phlchia subscrialis RLG-6074-SP, Phlebia
brevispora HHB-7099, Phlebia tremellosa FP-
102557-OP and Phanerochacte chrysosporium
BKM-F-1767 — were used in this study. All
these cultures were obtained from the Center
for Forest Mycology Research at Forest Prod-
ucts Laboratory, Madison, W1, USA. The cul-
turss were maintained on potato dextrose agar
(PDA) slants at 4°C until used.

PDA plates were inoculated from these
slants and incubated at 27 = 1°C and 65 = 5%
relative humidity. These plates were used to in-
oculate 1 L Erlenmeyer flasks containing 100
mL of liquid medium which contained 36 g of
potato dextrose broth and 10.91 g of yeast ex-
tract in 1500 mL water. The inoculated flasks
were incubated without agitation in an incuba-
tor at 27°C and 70-90% relative humidity for
10 days. The surface of the medium was cov-
ered with the fungus in the form of a mat. The
fungal mat was removed from the medium,
washed with sterilized water on a sterilized

Buchner funnel to remove all the medium. The
fungal mat was transferred into a sterile Waring
blender with sterile forceps. About 50 mL of
sterile water was added to the blender and the
mycelium was blended for 15 s. The fungal sus-
pension was transferred to a beaker and diluted
to 100 mL by adding sterile water. This suspen-
sion was used to inoculate wood chips. Fungal
treatment of wood chips was cammied outina 21
L aerated static bed bioreactor. It was fabricated
from stainless steel 316. For the fungal treat-
ment. 1500 g (0.d basis) of wood chips were put
in the bioreactor and decontaminated by
autoclaving and were then cooled to room tem-
perature. About 7.5 mg (dry wt.) of the fungus
(5 g dry wt. of the fungus per ton of material)
and 15 g of com steep liquor (CSL. 0.5% on dry
wt. basis) were added to the 1500 g of wood
chips in the bioreactor and mixed thoroughly.
The moisture content of the chips was adjusted
10 55% (wet-weight basis). The bioreactors
were incubated in a room maintained at
27-32°C. The biorcactors were acrated with
humidified air at a rate of 28.3 L/h for 2 weeks.
The humidified air was passed through an air
filter to eliminate the contaminants from the air.
After incubation for two weeks, the fungus-
treated chips were removed from the
bioreactors, weighed and sampled for moisture
content and pulped in bomb digestors.

Kraft Pulping and Bleaching
The conditions for the kraft cooks were:
17% AA as Na,0, 22.9% sulphidity, 3:1 li-
quor/wood ratio, 165°C cooking temperature,
90 min to cooking temperature and 90 min at
cooking temperature. After the cooking, the
brightness, permanganate number, yield, vis-
cosity and strength properties of the un-
bleached pulp were determined. The pulps
were then bleached using a CEHD sequence.
‘e have used the CEHD bleaching sequence
instead of using more environmentally friendly
bleaching processes like oxygen delignification
and/or chlorine dioxide in the early stages. In
fact, CEHH is still the most extensively used
bleaching process in India and some other
countries. In India, there are only 4-5 mills
which use D as the last stage. Moreover, the en-
vironmental problems are more with these old
bleaching processes and biokraft pulping is ex-
pected to give more benefits by reducing the re-
quirement of these polluting chemicals.
Chlorine was applied at a kappa factor of 0.20
for 45 min at 30°C and 3% pulp consistency.
The pulp was washed with water and extracted
with NaOH (pH 11.2-11.5) at 10% consistency

for 120 min at 65°C. The hypo treatment was
done at 40°C with the pulp at 10% consistency
for 150 min and the chlorine dioxide treatment
was done at 75°C at 10% pulp consistency for
180 min. Brightness of the bleached pulp was
also determined. The bleached pulps were
beaten to 30-35° SR and the strength properties
were determined.

Analytical Methods

Cellulose, hemicellulose and holo-
cellulose were determined by the methods of
Updegraff (12], Deschatelets and Yu [13] and
Parsons [14], respectively. Lignin and pitch
were determined according to TAPPI Test
Methods T 222 om-88, and T 204 om-88, re-
spectively [15.16). All assays were carried out
in triplicate.

Permanganate number, a measure of
lignin content, was determined by reaction of
pulp samples with acidified potassium per-
manganate solution according to TAPPI Test
Method T 214 wd 76 [17]. Viscosity, an indica-
tor of cellulose chain length, was determined by
dissolving the pulp in cupricthylene diamine
(CED) solution and measuring the viscosity of
a 0.5% solution with an Ostwald Viscometer
(TAPPI Method T 230) [18]. Brightness of the
paper sheets was determined with a Technibrite
instrument (Model TBIc). Strength properties
of handshcets were tested according to TAPPI
methods.

The experiments were performed in du-
plicate and repeated once more to confirm the
results/observations of the earlier set.

RESULTS AND DISCUSSION
Fungus Screening

All of the lignin-degrading fungal cul-
tures — Ceriporiopsis subvermispora L-14307
§S-3, CZ-3, L-9186-SP, FP-105752, FP-
105752-SS-5, Hyphodontia setulosa FP-
106976-SP, Phlebia subserialis RLG-6074-SP,
Phlebia brevispora HHB-7099, Phlebia
tremellosa FP-102557-OP and Phanerochaete
chrysosporium BKM-F-1767 — grew very well
on eucalyptus chips in the bioreactor. Good
growth was achieved even without addition of
nutrients. The fungal-treated chips appeared
brighter than the control chips. Most of the
biopulping effect was obtained in about 2
weeks time (data not shown). The weight loss
of wood chips after treatment with various
fungi was about 2—4%.

Detailed studies were carmried out with
Ceriporiopsis subvermispora L-14807 SS-3 as

TABLE |

EFFECT OF FUNGAL TREATMENT WITH C. subvermispora
L-14807-SS-3 ON THE CELLULOSE, HEMICELLULOSE
AND LIGNIN CONTENT OF EUCALYPTUS WOOD CHIPS

TABLE Il

EFFECT OF FUNGAL TREATMENT WITH C. subvermispora

L-14807-SS-3 ON THE TOTAL EXTRACTIVES CONTENT OF FRESH
AND SEASONED EUCALYPTUS WOOD CHIPS*

Type of wood Pitch*
Fungal Total Reduction
Component (%)° Control treated (%) (%)
Celiulose 41.1 43.0 Seasoned eucalyptus 2.08
Hemicellulose 20.8 22 Fungal-treated seasonec eucalyptus 1.72 17.3
Lignin 28.0 270 Fresh eucalyptus 3.01
Holocellulose 68.6 69.8 Fungal-treated fresh eucalypius 1.85 38.5

* Values are averages of tnplicate determinations. * Values are averages ol triplicate determinations.
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TABLE I
BIOKRAFT PULPING OF EUCALYPTUS WITH C. subvermispora
L-14807-SS-3 AT THE SAME ACTIVE ALKALI CHARGE®

TABLE IV
BIOKRAFT PULPING OF EUCALYPTUS WITH C. subvermispora
AT REDUCED ACTIVE ALKALI CHARGE

a. Pulp properties

a. Pulp properties

Parameter Treated** Control
P. No. 145 144
Lignin (%) 155 1.33
Unbleached brightness (% ISO) 29.1 27.0
Unbleached pulp yield (%) 458 46.1
Final bnghtness (% 1SO) 87.2 85.2
Bleach chemical consumption (kgh pulp)

— Elemental Cl; 40.0 40.0
— NaOH 18.8 188
- Hypo 123 12.3
— Chlorine dioxide 6.0 6.0

* Kraft cooking of fungal-treated chips and reference chips (no fungal
treatment) conducted at 17% AA charge (as Naz0), 22.9%
sulphidity, 3:1 liquor/wood ratio, 165°C cooking temperature (90 min
to cooking temperature and 90 min at cooking lemperature).
** Fungal treatment for 2 weeks; Inoculum level, S g wood (dry weight
basis), com steep liquor was not added dunng fungal treatment.

Parameter AA Charge (%)
Control Treated
17 14 14
Permanganate No. 135 16.3 15.9
Lignin (%) 1.55 — 157
Unbleached brightness (% ISO) 273 25.9 283
Unbleached pulp yield (%) 45.7 472 455
Bleach chemical consumption (kg/t pulp)
- Elemental Cl, 375 46.1 37.5 46.1
- NaOH 19.1 18.9 19.1 189
- Hypo 135 128 135 12.8
— Chlonne dioxide 6.0 6.0 6.0 6.0
Final brightness (% 1ISO) 87.0 87.6 88.3 89.1

— Treatment of eucalyptus with C. subvermispora L-14807-SS-3 for 2
weeks, Inoculum level, 5 g/T wood (dry weight basis); corn steep
liquor was not added during fungal pretreatment.

— Cooking of fungal-treated chips conducted at 14% AA charge;

b. Strength properties

cooking of reference chips conducted at 17 and 14% AA charge.
Other cooking conditions: 22.9% sulphidity, 3:1 liquor/wood ratio,

Parameter Unbleached Bleached 165°C cooking temperature (90 min to cooking temperature and 90
Control Treated Control Treated min at cooking temperature).
Wetness ("SR) 17.0 18.0 gg.g gso.g b. Strength propertles
Beating time (min —_ — . §
Tensile mdex((anlg) 422 48.0 75.5 82.3 Parameter Unbleached Bleached
Breaking length (m) 4300 4890 7700 8390 Controlw Tre.:,ited Control Tn:aled
Burst index (iN/g) 1.93 262 4.59 5.14 17% AA 14% AA 14% AA 17% AA 14% AA
Tear index (MNm3/g) 5.66 548 6.92 7.20 Wetness (*SR) 16.5 17.0 17.5 35.0 35.0
Double told (No.) 6 10 102 112 Beating time (min) —_ — — 29.0 22.5
Tensile index
(Nm/g) 33.7 34.1 40.8 66.3 72.3
this fungus was found to be best for Breaking length
biomechamcal pulping [2.3]. (m) 3400 3480 4160 6760 7360
Burst index (kN/g) 1.38 1.62 1.89 4.30 4.85
Effect of Treatment with Tear index
Ceriporiopsis subvermispora (mNm?/g) 5.45 577 6.81 7.68 7.88
L-14807-SS-3 on Cellulose, Double fold (No.) 5 8 10 58 80
Hemicellulose, Lignin and
Extractives Content of the Fibres
The fungus degraded the lignin selec-  was higher by 2 points. The bleached biopulp  AA control to reach the same brightness. The

uvely while the relative amount of cellulose and
hemicellulose increased. The lignin content de-
creased from 28 to 27% in 2 weeks (Table I).
The pitch content in the treated wood chips also
decreased. The reduction was of the order of 17
and 38% in the seasoned and fresh wood chips,
respectuvely (Table II).

Biokraft Pulping of Eucalyptus
with C. subvermispora L-14807-SS-
3 at Same Active Alkali Charge
When the cooking was done at the same
active alkali charpe for reference chips as well
as fungal-treated chips, the brightness and
strength properties of the unbleached biopulp
were higher as compared to those of the control.
The unbleached yield of the biopulp was lower
and there was no drop in the permanganate
number of the biopulp. However, the lignin
content in the biopulp was Jower as compared
10 the control. The unbleached brightness of the
biopulp was higher by more than 2 points. The
reason for this is not quite clear. Tensile index
and breaking length of unbleached biopulp in-
creased by 12%, and burst index and double
fold increased by 36 and 67 %, respectively. The
unbleached yield of the biopulp decreased
slightly. The bleaching response of the biopulp
was better than that of the conuol. The final
brightness of the biopulp (CEHD sequence)

was easier to refine than the reference pulp. The
beating time was reduced by 33%. The strength
properties of bleached biopulp were better than
those of the control (Table III).

Biokraft Pulping of Eucalyptus
with C. subvermispora L-14807-SS-
3 at Reduced Active Alkali Charge

Even when the fungal-treated chips were
cooked at reduced active alkali charge, i.c. 14%
AA, the unbleached brightness of the biopulp
was better than that of the reference pulp (no
fungal treatment) obtained by cooking the
chips at 17% AA charge. The strength proper-
ties of biopulp (with 14% AA charge) were sub-
stantially higher and the bleaching response
was better than those of reference pulp (with
17% AA charge). When the bleaching was
done under identical conditions at the same to-
tal chemical charge, the final brightness of the
biopulp was higher by about | point in a 4-stage
(CEHD) bleaching sequence. The bleached
biopulps were easier to refine than the reference
pulp. The beating time was reduced by ~20%.
Most of the strength properties of the bleached
biopulp were better than those of the control
(Table IV).

Due 10 its higher permanganate no., the
14% AA control required more chlonne for
bleaching by 8.6 kg/TP as compared to the 17%
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unbleached yield and strength properties of the
14% AA control were higher compared to the
17% AA control due to lesser degradation of
the carbohydrates at the lower active alkali
charge.

Data should be compared within the
batch because there were some variations from
one batch to another.

Biokraft Pulping of Eucalyptus
with C. subvermispora L-14807-SS-
3 at Reduced Cooking Time

A few cookings with the C.
subvermispora L-14807-SS-3-treated eucalyp-
tus chips were also performed in which cooking
time (at temperature) was reduced. Total cook-
ing time was reduced by 16.6, 25.0 and 33.3%.
The time to cooking temperature was fixed at
90 min and time at cooking temperature was re-
duced to 60, 45 and 30 min, which reduced the
H Factor by 25.1, 46.7 and 51.0%, respectively,
from the control value of 1186. When the total
cooking time was reduced to 135 and 120 min,
the control wood chips after cooking remained
partially cooked (the data for these controls are
not shown due to very high shive content). On
the other hand, the fungal-treated chips were
still uniformly cooked even after 120 min total
cooking time (30 min at 165°C). In all the
cases, the brightness and mechanical properties
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