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ABSTRACT

Pretreatment of eucalyptus wood chips with lignin-degrading fungi, Ceriporiopsis
subvermispora, was found to be suitable for bio-kraft pulping of eucalyptus. Fungal
pretreatment reduced the pitch content in the wood chips and during Kraft pulping, reduced
the active alkali requirement upto 18% or reduced the cooking time upto 33% or reduced the
sulfidity of the white liguor upto 30%. The quality of the resultant biopulps was found to be
better than control (high brightness, better strength and improved bleachability). The

bleached biopulps were easier 1o refine than the reference pulp. The beating time was
reduced by 18-33% in different studies.

INTRODUCTION

Biotechnology offers potential solution to many of the problems faced by the paper industry
due to economic conditions and e.nvironmcntal pressures [1]. Biopulping, the pretreatment of
wood chips prior to pulping, offers both economic and environmental benefits. Two
sequential biopulping consortia (April 1987-June 1996) comprised of the USDA Forest
Service, Forest Products Laboratory (FPL), the Universities of Wisconsin and Minnesota and
industry have established the technical and economic feasibility of the bio-mechanical
pulping [2.3]. Through the use of proper lignin-degrading fungi, at least 30% electrical
energy is saved in mechanical pulping and paper strength properties are improved [4,5].
Messner et al. [6] and Scott ef al. [7] have demonstrated the great potential of using lignin-
degrading fungi to reduce the kappa number in sulfite pulping. The effect of fungal

pretreatment on kraft pulping has been investigated to a lesser extent [8-11] and the benefits

are not clear and need further research.

As no systematic work has been reported on bio-kraft pulping of eucalyptus which is one of
the major raw materials for production of paper in many countries, studies on bio-kraft
pulping of eucalyptus were initiated in our laboratory. The present paper deals with a method
for bio-kraft pulping of eucalyptus (PCT patent pending). It is based mainly on the work from

a collaborative project between Thapar Centre for Industrial R&D, India and Biopulping
International Inc., USA.

EXPERIMENTAL
Wood Chips

The experiments were conducted with eucalyptus chips (hybrid variety) obtained from a large

paper mill in Haryana, India.
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Fungus Screening

Several lignin-degrading fungal cultures - Ceriporiopsis subvermispora L-14807 SS-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 — were used in this study. All these
cultures were obtained from the Center for Forest Mycology Research at Forest Products
Laboratory, Madison, Wisconsin, USA. The cultures 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 inoculate 1 litre Erlenmeyer flasks containing 100 ml of
liquid medium which contained 36 g of potato dextrose broth and 10.91 g of yeast extract in
1500 ml water. The inoculated flasks were incubated without agitation in an incubator at
27°C and 70-90% relative humidity for 10 days. The surface of the medium was covered with
the fungus in the form of 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 seconds. The fungal suspension
was transferred to a beaker and diluted to 100 ml by adding sterile water. This suspension
was used to inoculate wood chips. Fungal treatment of wood chips was carried in 20 litre
aerated static bed bioreactor (made up of stainless steel 316). For the fungal treatment,
1500 gm (0.d basis) of wood chips were put in the bioreactor and autoclaved at 121°C for
60 minutes and cooled to room temperature. About 7.5 mg (dry wt.) of the fungus (5 g dry wt.
of the fungus per ton of material) and 15 g of comn steep liquor (0.5% CSL on dry wt. basis)
were added to the 1500 gm of wood chips in the bioreactor and mixed thoroughly. The
moisture content of the chips was adjusted to 55% (wet weight basis). The bioreactors were
incubated in a room maintained at 27-32°C. The bioreactors were aerated with humidified air
at a rate of 1 cubic ft per hour for 2 weeks. The humidified air was passed through 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.
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Kraft Pulping and Bleaching

The conditions for the krait cooks were: 17% AA as Na,0, 22.9% sulfidity, 3.1 liquor'wood
ratio, 165°C cooking temperature, 90 minutes to cooking temperature and 90 minutes at
cooking temperature. After the cooking, brightness, P. No., yield, viscosity and strength
properties of the unbleached pulp were determined. The pulps were then bleached using a
multistage bleaching process using CEHD sequence. Chlorine was applied at a kappa factor
of 0.20 for 45 minutes 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 minutes at 65°C. The
hypo treatment was done at 40°C with the pulp at 10% consistency for 150 minutes and the
chlorine dioxide treatment was done at 75°C at 10% pulp consistency for 180 minutes.
Brightness of the bleached pulp were also determined. The bleached pulps were beaten to 30-
35° SR and the strength properties were determined.

Analytical Methods

Cellulose, hemicellulose and holocellulose were determined by the methods of Updegraff
[12], Deschatelets and Yu [13] and Kurth [14] respectively. Lignin and pitch were determined
according to Tappi Test Methods T222 om-88, and T204 om-88 respectively. All assays were

carried out in triplicate and average values are reported..

P. No., a measure of lignin content was determined by reaction of pulp samples with acidified
potassium permanganate solution according to Tappi Test Method. Viscosity, an indicator of
cellulose chain length was determined by dissolving the pulp in cupri-ethylene diamine
(CED) solution and measuring the viscosity of a 0.5% solution with an Ostwald Viscometer
(Tappi method T230). Brightness of the paper sheets was determined with a Technibrite

instrument (Model TB1c). Strength properties of handsheets were tested according to Tappi
methods.

RESULTS AND DISCUSSION

Fungus Screening
All the lignin-degrading fungal cultures 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
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2 weeks time with 5 g of inoculum per ton of chips (data not shown). The weight loss of

wood chips afier reztment with various fungl was about 2-4%.

Detailed studies were camed out with Ceriporiopsis subvermispora L-14807 SS-3 as this
fungus was found to be the best for biomechanical pulping [2.3].

Treatment with Ceriporiopsis subvermispora L-14807-SS-3

The fungus degraded the lignin selectively while the relative amount of cellulose and
hemicellulose increased. The lignin content decreased from 28% to 27% in 2 weeks (Table
1). 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 respectively (Table 2).

When the cooking was done at the same active alkali charge for reference chips as well as
fungal-treated chips, the brightness and strength properties of unbleached biopulp were higher
as compared to those of control. The unbleached yield of the biopulp was lower and there was
no drop in the permanganate number (P. No.) of the biopulp. However, the lignin content in
the biopulp was found to be lower as compared to control. The unbleached brightness of
biopulp was higher by more than 2 points. Tensile index and breaking length of unbleached
biopulp increased by 12.2%, and burst index and double fold increased by 35.7% and 66.6%.
respectively. The unbleached yield of the biopulp decreased slightly. The bleaching response
of biopulp was better than that of control. The final brightness of biopulp (CEHD sequence)
was higher by 2 points. The bleached biopulp was easier to refine than the reference pulp.

The beating time was reduced by 33.3%. The strength properties of bleached biopulp were
better than those of control (Table 3).

Even when the fungal-treated chips were cooked at reduced active alkali charge ie.
14% AA. the unbleached brightness of biopulp was better than that of the reference pulp (no
fungal treatment) obtained by cooking the chips at 17% AA charge. The strength properties of
biopulp (with 14% AA charge) were substantially 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 total chemical charge, the final brighmess of the
biopulp was higher by about 1 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
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~20% Mot of the srengsh propertes of the bleached beopuip were bemer than those of
Sommol (Tabie 4)

D 1 hgher P Noo 14% AA commol regered more chlorine for bleaching by €6 kg tom of
Pl 25 compared © | 7% AA conmol © reach the same brighmess  The unbleached vield and
sTeoeth mropeross of 14% AA compol were higher compared % 1 ™% AA control due ©
Jesser degradation of carbobydrates at lower active alkali charge

Few cookines with the ¢ mubvermuspors [-]4807-55-7 treated evcalyptus chips were also
perormed m which cookimg time was redwced by 166 150 amd 333% The ume
coolong temperanmre was fived at ) mimutes and tme &t cooking ‘emperanmre was reduced
When the cooicng tme was redaced by 25% and 33 3%, the control wood chips afier coolung
remamed patally cooked On the other bend. the fungal-treated chips were still smformly
cookad even m 30 mmumes cooking In 2l the cases the brightoess and mechamscal
mropernes of mbieached biopulps were hisher and the bieachimg respoase was bemer as
compered 1 control (untrested chips cooked for %0 mummes at 165°C). The final brigheess of
the wopulps m CEHD seguence was also izher 25 compered © cootol When the cookns
e was redaced by 16.6 and 25%, lesher fimal puip brightoess was obtaned a1t the s=me
o2l chemmcal charpe. The bieached biopulps were casier 0 refine then the r=ference pulp.
The be=uins e was reduced by 16-18%. There was o sSizmificant diference in the soeogth

properoes of bleached biopeips aad refereace pulp.

Few cookmes with C sudvermaispora L-]4807-S5-5 we=ted eucalypms chips were 2lso
piommed m winch the sulfidity was redmced Som 22.9%% w0 16%. The mmbleached
brishoess =d seoooth properdes of the fimgal-temad Gups 2t 16% solSdiy level were
o= 0 be Egher the those of reference chips cooked a1 22 9% sulfidiry (Tzble )

Treatment with Other Stmains of C subvermisporz and Other Licnin-degrading Fungi

OBz s===s of C savaruspora - (Z-3, L-9186-SP, FP-105752. FP-105732-88-3

- a Tade e -

!

S oo dac—wRng
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RLGSJ74S8P. Priedia brevispora HHB-7099. Phlzdia pemellosa FP-102557-OP =d

Phomerochastz chrysosporzen BRKM-F-1767 were 2lso fornd © be scimble for bio-ke=l

s The actove 2lk=h chage was redoced by 30 k2T of wood chips im 2l
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the cases. The beating response and the quality of the biopulp in terms of brightness and
strength were better than those of control.

These results clearly show that the fungal pretreatment of eucalyptus offers benefits for kraft
pulping. The fungal pretreatment is effective in reducing the pitch and improving the
chemical pulping and bleaching efficiency and the pulp properties (higher brightness and
higher strength). Treated wood chips could be pulped in a shorter cooking time or could
alternatively be used to produce pulp using lower active alkali charge or sulfidity. The
bleached biopulps are easier to refine than the reference pulps. Scale up of the process is now
required to develop the basic technical and engineering knowledge needed for commercial

utilization of fungi for kraft pulping.
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